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BIBLIOGRAPHY ON LIQUEFIED NATURAL GAS (LNG) SAFETY
by Paul M. Ordin
Lewis Research Center
INTRODUCTION
The Aerospace Safety Research and Data Institute (ASRDI) at the
Lewis Research Center provides NASA and its contractors with technical
information on safety problems. To accomplish this objective, ASRDI
has been collecting, organizing, and evaluating safety related information
in various areas related to aerospace activities. One of these problem
areas has been cryogenic systems. The information, which includes
bibliographic citations on properties, hazards, and safety, has been
compiled and stored in a computerized retrieval system for easy and
direct access.
Our information program includes over 8000 documents in the cryo-
genic safety area which, until recently, were primarily concerned with
oxygen and hydrogen. Citations containing safety information-on LNG •
(Liquefied Natural Gas) and liquid methane have recently been added to
the data bank. This work has been supported by the NASA Technology
Utilization Office. The utilization of the NASA technical experience with
cryogenic fluids and industrial gases was derived from the nation's aero-
space programs. This considerable experience was invaluable in com-
piling and evaluating the LNG safety information.
Each citation contains many items of information about the document.
These items include the title, author, abstract, source, description of
figures, key references, and major descriptors (keywords or subject
terms) by which the document can be retrieved.
This report is a compilation of LNG and methane safety information
reviewed as of December 1975. This report includes an index of key
terms or descriptors which identify the subject information in the cita-
tions on LNG, methane, and/or natural gas. Abstracts of the reports
containing information related to these specific terms are identified by
page number.
Preceding page blank
Although the majority of the citations were obtained from the Cry-
ogenics Fluid Safety collection, other safety collections which were com-
piled by ASRDI provided information pertinent to the safety of LNG and
methane. These included the Fire and Explosion file and Mechanics of
Structural Materials file. Citations from these files are listed in the
Index of Descriptors under the key terms of Aircraft Fuel Fires, Fire
Detection, and Aircraft. The material in these reports are related to the
detection of fuel leaks, fighting of aircraft fuel fires with various extin-
guishing agents, explosions of fuel systems, and fragmentation hazards.
These identified reports contain data helpful with problems associated
with LNG and/or methane fires and explosions.
An Index of Authors is also included in this report.
The raw data for this report was a computer printout based on a
keyword search strategy of descriptors dealing with LNG (liquefied natural
gas) safety. The raw data was screened, reviewed, and evaluated to
assure the reader that all the citations included in this report were rele-
vant items that would be useful to design engineers.and safety specialists.
VI
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- A B S T R A C T -
THIS REPORT DISCUSSES M A N Y O F T H E P R O B L E M S A N D P R O C E D U R E S I N V O L V E D
IN T R A N S P O R T I N G LIQUEFIED N A T U R A L GAS BY S E A . IT B E G I N S WITH A
BRIEF H I S T O R I C A L B A C K G R O U N D AND GOES ON WITH A DISCOSSION OF THE
T H E O R E T I C A L A N D P R A C T I C A L PROCESSES B Y W H I C H N A T U R A L G A S I S
L I Q U E F I E D . THE TEXT T H E N P R O C E E D S TO GIVE A D E S C R I P T I O N OF C A R G O
C O N S T R U C T I O N , T Y P I C A L SHIPS E Q U I P M E N T , O P E R A T I N G , S A F E T Y A N D
M A I N T E N A N C E P R O C E D U R E S . IT E N D S WITH A DISCUSSION OF THE ECONOMICS
A N D F U T U R E G R O W T H P O T E N T I A L . O F L I Q U E F I E D N A T U R A L G A S A S A N A T U R A L
RESOURCE. THE I N F O R M A T I O N P R E S E N T E D WAS O B T A I N E D EITHER F R O M A
V A R I E T Y OF PUBLICATIONS OB F R O M C O N V E R S A T I O N S W I T H P E R S O N S A C T I V E
-IN THE FIELD.
- P E R T I N E N T FIGURES-
FIG.3-13 HEAT T R A N S F E R R A T E S TO A C Y L I N D R I C A L T A N K , P A G E
58//FIG.3-14 LIQUID L E V E L / T A N K HEIGHT, PAGE 59//FIG.3-16 E F F E C T S
OF DROP IN T A N K P R E S S U R E ON BOIL-OFF R A T E , P A G E 63//FIG.4-14
TYPICAL L O A D I N G / U N L O A D I N G A R R A N G E M E N T , P A G E 99
- B I B L I O G R A P H Y -
T H O M A S , W . D . A N D S C H V E N D T N E R , A . H . , L N G C A R R I E R S , T H E C U R R E N T STATE
OF THE AST, J.J. H E N R Y C O M P A N Y , 1971, S N A M E ( N O V
1971)/ /SLIEPEVICH,C. M. , R A D I A T I O N , HEAT F L U X , AND O V E R P R E S S U R E IN
L N G T A N K S , C O N F E R E N C E P R O C E E D I N G S O N L N G I M P O R T A T I O N A N D T E R M I N A L
SAFETY, N A T I O N A L A C A D E M Y O F SCIENCES, BOSTON, M A S S . ( J U N
1972)//GEIST,J.M. AND C H A T T E J E E , N . , THE EFFECTS OF STRATIFICATION
ON BOIL-OFF RATES IN LNG T A N K S , C O N F E R E N C E PROCEEDINGS ON LNG
IMPORTATION A N D T E R M I N A L S A F E T Y , N A T I O N A L A C A D E M Y O F SCIENCES,
BOSTON, MASS. ( J U N 1972) / /MCCONN A U G H E Y , W . E. AND L A K E Y , R . J . , S A F E T Y
ASPECTS OF LHG IN T R A N S P O R T A T I O N , OFFICE OF M A R I N E SAFETY
H A Z A R D O U S MATERIALS DIVISION ( M A Y 1973)/ /HAZARDS OF SPILLAGE OF
LNG INTO H A T E R , B U R E A U OF M I N E S FINAL REPORT TO U.S. COAST G U A R D
(SEP 1972) (NTIS ACCESSION NO. AD75U498) / /SAFETY C O N S I D E R A T I O N IN
THE DESIGN AND CONSTRUCTION OF T A N K E R S FOR C R Y O G E N I C CARGOES,
N A T I O N A L SAFETY COUNCIL, G R E A T E R LOS ANGELES C H A P T E R ( M A Y 1971)
-SOURCE INFORMATION-
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Good/Excel
-ABSTRACT-
AN ACCIDENT SITUATION HAS B E E N E V A L U A T E D FOR
DESIGN SHIP W H E R E THE P R I M A R Y LIQUID B A R R I E R
I N S U L A T I O N B A R R I E R H A V E F A I L E D LOCALLY. U N D E R
THE ISNEB H U L L ( T E R T I A R Y B A R R I E S ) IS SUBJECTED
STRESSES AND TO T H E R M A L STRESSES G E N E R A T E D BY A
TO TH.S LSG CARGO. COLD SPOT
INDICATE T H A T - C A R B O N STEEL H U L L
A N L N G W E T W A L
A N D T H E S E C O N D A R
T H E S E CONDITIONS
T O N O R M A L W O H K I N '
L O C A L I Z E D E X P O S D E
AND, CBACK SUSCEPTIBILITY TEST
PLATE, STIFFBNBHS AND HEBS MAY E
A POTENTIAL H A Z A R D . THE USE OF CRYOGENIC NICKEL STEEL HULL PLATE
STIFFENEBS AND A COMPOSITE N I C K E L STEEL/CARBON STEEL WEB J
SUGGESTED. A SPECIAL SURFACE F L A W E D T-SECTION WAS FABRICATED HI'
16 MM (5/8 INCH) ASTM A645 {5 PERCENT NI STEEL) AND T H E R M A L SHO
TESTED. NEITHER OF TWO 11.5 MM (0.45 INCH) DEEP SURFACE FLA
P R O P A G A T E D WHEN LOADED TO A P P R O X I M A T E L Y 85 PERCENT OF THE B?
PLATE YIELD STRENGTH.
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G A S ASSOC. , A R L I N G T O N , V A . , 13-20 (1973)
O T H E R I N F O R M A T I O N -
0007 P A G E S , 0000 F I G U R E S , 0003 T A B L E S , 0002 R E F E R E N C E S
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T H E P U R P O S E
S U P E R V I S O R S ,
BE E X P O S E D ,
keys 21409 th rough 21413
H A Z A R D I D E N T I F I C A T I O N A T L N G FACILITIES
- A B S T R A C T -
OF THIS C H A P T E R - IS TO I N D I C A T E TO O P E R A T O R S , P L A N T
A N D S A F E T Y M A N A G E R S H A Z A R D S T O W H I C H P E R S O N N E L M I G H T
W H E R E T H E H A Z A R D S A R E L O C A T E D , H O W T H E H A Z A R D S H A Y
C O M E A B O U T A N D S O M E S U G G E S T I O N S F O R D E A L I N G W I T H T H E M .
- P E R T I N E N T F I G U R E S -
T A B . 5 . 1 FOUR S T A G E S O F A S P H Y X I A W I T H
29// T A B . 5 . 2 E X P O S U R E A N D R A D I A T I O N
P A I N , P A G E 29// T A B . 5 . 3 E X P O S U R E A N D
B L I S T E R I N G , P A G E 30
P H Y S I O L O G I C A L S Y M P T O M S , P A G E
LEVELS L E A D I N G T O E X T R E M E
R A D I A T I O N L E V E L S L E A D I N G T O
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
A M E R I C A N G A S A S S O C I A T I O N , A R L I N G T O N , V A .
J O U R N A L P R O C E E D I N G S -
I N T R O D U C T I O N T O L N G F O R P E R S O N N E L S A F E T Y , C H A P . 4 , A M E R I C A N
GAS ASSOC. , A R L I N G T O N , V-A. , 21-6 (1973)
O T H E R I N F O R M A T I O N - .
0005- P A G E S , 0000 F I G U R E S , 0000 T A B L E S , 0000. R E F E R E N C E S .
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HAZARDS TO PERSONNEL RESULTING FROM A SPILL
-ADSTRACT-
IN THIS C H A P T E R , THE E X T E N T OF P E R S O N N E L H A Z A R D S F R O M SPILLED LNG
IS C O V E R E D . V A P O R I Z A T I O N AND DISPERSION OF SPILLED LNG IS
DISCUSSED A L O N G W I T H T H E R E S U L T A N T L O W T E M P E R A T U R E A N D FIRE
H A Z A R D S .
- P E R T I N E N T F I G U R E S -
TAB.5 .1 F O U R S T A G E S C F A S P H Y X I A W I T H P H Y S I O L O G I C A L S Y M P T O M S , P A G E
29// T A B . 5 . 2 E X P O S U R E A N D R A D I A T I O N L E V E L S L E A D I N G T O E X T R E M E
P A I N , P A G E 29// T A B . 5 . 3 E X P O S U R E A N D R A D I A T I O N LEVELS L E A D I N G T O
B L I S T E R I N G , P A G E 30
- B I B L I O G R A P H Y -
A M E R I C A N G A S A S S O C I A T I O N , R E P O R T O N L N G SAFETY R E S E A R C H , V O L 2 ,
A R L I N G T O N , V A . , 1971//BRITISH C R Y O G E N I C S C O U N C I L , CRYOGENICS
SAFETY M A N U A L , L O N D O N , 1 9 7 0 / / P A R K E R , B. 0 . , A STUDY OF D O W N W I N D
V A P O R T R A V E L FROM LNG SPILLS , P A P E R P R E S E N T E D AT THE A. G. A.
O P E R A T I N G S E C T I O N D I S T R I B U T I O N C O N F E R E N C E , S E A T T L E , H A Y 25-28,
1 9 7 0 / / P A R K E R , R. 0 . AND S P A T A , J . . K. , D O W N D W I N D T . R A V E L OF V A P O R S
F R O M L A R G E POOLS OF C R Y O G E N I C LIQUIDS, P A P E R NO. 24 IN W H I T E , J .
W. ' A N D . N E H M A N N , A . E . S.,. E D S . , P R O C E E D I N G S OF THE FIRST-
I N T E R N A T I O N A L C O N F E R E N C E ON L.NG. CHICA'GO. I N S T I T U T E OF GAS
T E C H N O L O G Y , 1968//U.S. D E P A R T M E N T . O F I N T E R I O R , B U R E A U O F M I N E S ,
H A ZA RDS^OF^L NG_S,P,.LLL,A£ £„! N_M,A RIN E, TR-AN S P.O.RT AT.ION . __R,I_TT,S.B,UR.G.H,,_.R.E.B-
1 9 7 0 / / W E L K E E , J . R. , W E S S O N , H. R. AND S L I E P C E V I C H , C. « . , LNG
SPILLS. T O B U R N O R N O T T O B U R N . P A P E R P R E S E N T E D A T - . T H E A G A
O P E R A T I N G S E C T I O N D I S T R I B U T I O N C O N F E R E N C E , P H I L A D E L P H I A , M A Y
12-15, 1969
- S O U R C E I N F O K M A T I O N -
C O R - P O R A T E S O U R C E -
A M E R I C A N G A S A S S O C I A T I O N , A R L I N G T O N , V A .
J O U R N A L P R O C E E D I N G S -
I N T R O D U C T I O N T O L N G F O R P E R S O N N E L S A F E T Y , C H A P . 5 , A M E R I C A N
G A S A S S O C . , A R L I N G T O N , V A . , 27-30 (1973)
O T H E R I N F O R M A T I O N -
0004 P A G E S , 0000 F I G U R E S , 0003 T A B L E S , 0007 R E F E R E N C E S
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P R O C E D U R E S AND P R A C T I C E S IN THE E V E N T Of A SPILL
- A B S T R A C T -
THIS C H A P T E R DISCUSSES P R O C E D U R E S A N D PRACTICES T O B E F O L L O W E D I N
THE E V E N T OF AN LNG SPILL. A F T E R AN I N T R O D U C T O R Y D I S C U S S I O N ON
D I S A S T E R P L A N N I N G A N D S A F E T Y E X E R C I S E S , SPECIFIC SECTIONS O F T H E
C H A P T E R D E A L W I T H FIRST A I R , P R O T E C T I V E C L O T H I N G A N D E Q U I P M E N T ,
FIRE P R O T E C T I O N A N D F I R E C O N T R O L .
- P E R T I N E N T F I G U R E S -
T A B . 6 . 1 B U R E A U OF M I N E S R E C O M M E N D A T I O N FOR USE OF B R E A T H I N G
A P P A R A T U S I N L O W T E M P E R A T U R E O P E R A T I O N , P A G E 3 3
- B I B L I O G R A P H Y -
CICHETTI , J . J . , T U N E H E A R I N G C O N S E R V A T I O N TO A S O U N D A P P R O A C H ,
SAP. M A I N T . 173, 45-49 (1969 ) J A N U A R Y / / H Y D R O G E N H A N D L I N G SUIT
PROTECTS N A S A T E C H N I C I A N S , SAF. M A I N T . 136, 23-24 (OCT
1 9 6 8 ) / / R E C O M M E N D E D P R O C E D U R E A N D T R E A T M E N T O F C R Y O G E N I C F R E E Z I N G
I N J U R I E S , C R Y O G . E N G . N E W S 3 , 29 ( A P R 1968) / / W A L L S , W. L . , L N G - A
FIRE S E R V I C E A P P R A I S A L - P A R T 1, F I R E J O U R N A L 66 NO. 1, 15-17
(1972) , L N G - A FIR2 SER.VICE A P P R A I S A L - P A R T 11, F I R E J O U R N A L 66,
NO. 2, 30-33 ( M f f R 1972) . . ' .-
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E SOURCE -
A M E R I C A N G A S A S S O C I A T I O N , A R L I N G T O N , V A .
J O U R N A L P R O C E E D I N G S -
I N T R O D U C T I O N T O L N G F O R P E R S O N N E L S A F E T Y , C H A P . 6 , A M E R I C A N
G A S ASSOC. , A R L I N G T O N , V A . , 31-8 (1973)
O T H E R I N F O R M A T I O N -
0007 P A G E S , 0000 F I G U R E S , 0001 T A B L E S , 0004 R E F E R E N C E S
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ACCIDENT I N V E S T I G A T I O N
-ABSTRACT-
THE FOCUS OF THIS CHAPTER IS THE INVESTIGATION OF ACCIDENTS IN
WHICH L N G , ITS R E F R I G E R A N T S , C O N T A M I N A N T S , T R E A T M E N T CHEMICALS, OR
E Q U I P M E N T PECULIAR TO LNG ARE I N V O L V E D . THESE ARE S U B S T A N C E S WITH
W H I C H THE TYPICAL GAS P L A N T OR UTILITY O P E R A T O R IS NOT F A M I L I A R BY
V I R T U E OF PAST E X P E R I E N C E . THE GREATEST N U M B E R OF ACCIDENTS IN LNG
PLANTS, H O W E V E R , W I L L P R O B A B L Y BE THOSE OF A M O R E PROSAIC TYPE,
T H A T I S , THOSE I N V O L V I N G ELECTRIC A P P A R A T U S , H A N D TOOLS, VEHICLES,
ETC. P R O B L E M S OF THE I N V E S T I G A T I O N S OF THESE M O R E C O M M O N T Y P E
A C C I D E N T S A R E N O T C O N S I D E R E D H E R E S I M P L Y B E C A U S E THEY H A V E B E E N
E X P E R I E N C E D A N D I N V E S T I G A T E D B E F O R E A N D H A V E LITTLE T O D O W I T H L N G
PER SE.
- B I B L I O G R A P H Y -
A M E R I C A N G A S A S S O C I A T I O N , L N G I N F O R M A T I O N BOOK. N E W Y O R K
( A R L I N G T O N , V A . ) , J U L Y 1968//BLAKE, R. P . , ED. , ' I N D U S T R I A L S A F E T Y ,
CHAP. V , VI , VII, X , XXVII , NEW Y O R K . P R E N T I C E - H A L L ,
19U3/ /DEUTSCH, I., I N V E S T I G A T I O N OF FIRES AND E X P L O S I O N S , PT. 1,
GAS U2, 92-93, 96 ( N O V 1966) / /NATIONAL FIRE P R O T E C T I O N
ASSOCIATION, F IRE PROTECTION H A N D B O O K , T2TH ED. BOSTON, 1962//
N A T I O N A L S A F E T Y C O U N C I L , . ACCIDENT P R E V E N T I O N M A N U A L F O R I N D U S T R I A L
O P E R A T I O N S , C H A P . 9, 10,. 1T, 3RD ED. (6TH ED. 1972) . CHICAGO,
1955'// Z A B E T A K I S , M. G. , S A F E T Y W I T H C R Y O G E N I C FLUIDS, 1U7, NEW
Y O R K , P L E N U M PRESS, 1967
• "" - S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
A M E R I C A N G A S A S S O C I A T I O N , A L ? L I N G T O N , V A .
J O U R N A L P R O C E E D I N G S -
I R T B O U U C T I O N T O L N G FOCI P E R S O N N E L S A F E T Y , C H A P . 7 , A M E R I C A N
G A S ASSOC., A R L I N G T O N , V A . , 39-U6 (1973)
O T H E R I N F O P M A T I O N -
0008 P A G E S , 0000 F I G U R E S , 0000 T A B L E S , 0008 R E F E R E N C E S
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I D E N T I F I C A T I O N O F CODES, S T A N D A R D S A N D S A F E T Y R E G U L A T I O N S
F O R P R O P O S E D L N G D E V E L O P M E N T A N D TESTING L A B O R A T O R I E S A T
N M R C - G A L V E S T O N
by
L A N E Y , W . M .
08/00/73
S E C U R I T Y C L A S S A C C E S S L E V E L R E P O R T CLASS E N T R Y S V A L .
U/Unrest r ic ted NT IS S u m m a r y Good/Excel.
- A B S T R A C T -
THIS R E P O R T I D E N T I F I E S T H E S A F E T Y R E G U L A T I O N S , C O D E S A N D S T A N D A R D S
R E L E V A N T T O T H E D E S I G N A N D O P E R A T I O N O F L I Q U E F I E D N A T U R A L G A S
( L N G ) R E S E A R C H A N D D E V E L O P M E N T C A P A B I L I T I E S P R O P O S E D F O R T H E
N A T I O N A L M A R I T I M E R E S E A R C H C E N T E R - G A L V E S T O N . T H E S T U D Y W A S
C O N D U C T E D B E T W E E N O C T O B E R 1972 A N D M A Y 1973. T H E R E P O R T W I L L B E
U S E D I N T H E D E V E L O P M E N T O F C O N C E P T U A L D E S I G N S FOP, T E S T I N G
C A P A B I L I T I E S F O R U S E I N T H E M A R I T I M E A D M I N I S T R A T I O N P R O G R A M F O R
T H E M A R I N E T R A N S P O R T A T I O N O F L N G .
-. • - - P E R T I N E N T F I G U R E S - . ' • -
T A B . 1 . 1 SOURCES F O R V O L U N T A R Y S A F E T Y CODES A N D S T A N D A R D S F O R O T H E R
L N G I N S T A L L A T I O N S , P A G E 1-6/ /TAB.1.2 S O U R C E S F O B S A F E T Y D A T A O N
V A R I O U S T Y P E S O F E Q U I P M E N T U S E D I N O T H E R L N G I N S T A L L A T I O N S , P A G E
1-7//TAB.1.3 O U T L I N E O F G E N E R A L C O V E R A G E O F N A T I O N A L FIRE
P R O T E C T I O N A S S O C I A T I O N S T A N D A R D N O . 59A-1971, S T A N D A R D F O R T H E
P R O T E C T I O N A N D H A N D L I N G O F L I Q U E F I E D N A T U R A L G A S ( L N G ) , P A G E
1-10/ /TAB.1 .U C O D E S A N D S T A N D A R D S R E F E R E N C E D A N D I N C O R P O R A T E D I N
N F P A - 5 9 A - 1 9 7 1 , P A G E 1-13
-BIBLIOGRAPHY-
C H E M I C A L E N G I N E E R I N G , S A F E T Y S T A N D A R D S , CODES A N D PRACTICES F O R
P L A N T D E S I G N , C . R A Y B U R K L I N , B R O W N A N D ROOT, I N C . , OCTOBER 2 ,
1972, OCTOBER 16 , 1972 AND N O V E M B E R 13 , 1972 ISSUES/ /BALL, W. L. ,
C U R R E N T STATUS O P N A T I O N A L , STATE, A N D LOCAL L N G CODES A N D
S T A N D A R D S , P I P E L I N E A N D G A S J O U R N A L , A I R PRODUCTS A N D C H E M I C A L S ,
INC., A P R I L , 1973 I S S O E / / N A T I O N A L FIRE PROTECTION A S S O C I A T I O N ,
S T A N D A R D N O . 59A-1971, S T A N D A R D F O R T H E P R O D U C T I O N , STORAGE A N D
H A N D L I N G O F L I Q U E F I E D N A T U R A L G A S ( L N G ) / / N A T I O N A L F I R E PROTECTION
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C O R P O B A T E S O U B C E -
M A R I T I M E A D M I N I S T R A T I O N , G A L V E S T O N , TEX.
REP08T N U M B E R -
NMRC-273-37000-R2//COM-73-115U9
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0037 P A G E S , 0000 F I G U R E S , 0005 TABLES, 0005 R E F E R E N C E S
keys 2 1 U 2 8 th rough 21130
R E C O M M E N D E D R U L E S F O R DESIGN A N D C O N S T R U C T I O N O F L A R G E ,
W E L D E D , L O W - P R E S S U R E S T O R A G E T A N K S - 5 T H E D I T I O N
- A B S T R A C T -
T H E P R O V I S I O N S O F T H I S S T A N D A R D F O R K A G U I D E F O R M A T E R I A L S ,
D E S I G N , AND F A B R I C A T I O N OF T A N K S TO BE U S E D FOR S T O R A G E OF
L I Q U E F I E D E T H A N E , E T H Y L E N E , A N D M E T H A N E . A R E F R I G E R A T E D T A N K M A Y
BE A S I N G L E - W A L L I N S U L A T E D T A N K OR A D O U B L E - W A L L T A N K CONSISTING
O F A N I N N E R T A N K F O R S T O R I N G T H E R E F R I G E R A T E D L I Q U I D A N D A N O U T E R
T A N K E N C L O S I N G A N I N S U L A T I O N S P A C E A B O U N D T H E I N N E R T A N K . A
D O U B L E - W A L L T A N K I S A COMPOSITE T A N K A N D T H E O U T E R T A N K I S N O T
R E Q U I R E D T O C O N T A I N T H E P R O D U C T O F T H E I N N E R T A N K . I N A
D O U B L E - W A L L T A N K , D I F F E R E N C E S I N M A T E R I A L S , D E S I G N , A N D ' T E S T I N G
E X I S T . B E T W E E N T H E I N N ' E R A N D O U T E R T A N K S . T H E R E Q U I R E M E N T S F O R A N
A P I STANDA'H-D 6 2 0 T A N K A R E S U P E R S E D E D B Y A N Y R E Q U I R E M E N T S O F THIS
A P P E N D I X W H I C H D I F F E R T K E R S F R O M . A L L OTHER R E Q U I R E M E N T S F O R A N A P I
S T A N D A R D 6 2 0 T A N K S H A L L A P P L Y .
- P E R T I N E N T F I G U R E S -
T A B . Q2.1 A S T M M A T E R I A L S F O R P R I M A R Y C O M P O N E N T S , P A G E 105//TAB. Q 3 . 3
M A X I M U M A L L O W A B L E S T R E S S V A L U E S , P A G E 1 0 7
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C O R P O R A T E SOURCE -
A M E R I C A N P E T R O L E U M I N S T . , W A S H I N G T O N , D.C.
R E P O R T N U M B E R -
A P I S T A N D A R D 6 2 0
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S E C U R I T Y C L A S S
a /Unres t r ic ted
A C C E S S L E V E L
Un l imi ted
R E P O R T C L A S S
S u m t n a r y
E N T R Y E V A L .
Accept a'bl e
AT 5:30 FM ON J U L Y 25, 1
T R A C T O R - T A N K S E M I T R A I L E R U N
R E L E A S E O F A B O U T 7 , G O O G A L L
A N U N K N O W N S O U R C E , O F T H E
V A P O R I Z A T I O N O F T H E LIQUIFI
P E R S O N S , I N J U R I E S TO 17
S T R U C T U R E S A N D 1 1 V E H I C L E
L E A R N E D I N C L U D E A N F E D T O
F A B R I C A T I O N OF A S T R U C T U R A L
LP-GAS A N D O T H E R F L A M M A B L E
R O U T I N G O P E R A T I O N A L P R A C
C I R C U M S T A N C E S W H I C H W O U L D L
- A 8 S T R A C T -
962, F A I L U R E OF THE C A R G O T A N K OF A.
I T R E S U L T E D I N T H E S U D D E N A N D . C O M P L E T E
ONS OF LP-GAS. S U B S E Q U E N T I G N I T I O N , BY
V A P O R - A I R M I X T U R E C L O U D R E S U L T I N G F R O H
E D G A S C U L M I N A T E D I N T H E D E A T H S O F 1 0
O T H E R S A N D P R O P E R T Y D A M A G E T O 2 0
S E S T I M A T E D AT O V E R $200 ,000 . L E S S O N S
C L A R I F Y T H E R E Q U I R E M E N T S F O R D E S I G N A N D
LY S O U N D V E H I C L E FOR T R AN.S FORT1 ATION OF
C O M P R E S S E D G A S E S AND A N E E D TO C L A R I F Y
TICE.S TO R E D U C E THE P R O B A B I L I T Y OF
EAD TO SUCH A C C I D E N T S . . . . .
- P E R T I N E N T F IGURES-
FIG. 1 SCENE O F T H E LP-GAS T A N K T R U C K A C C I D E N T A T . B E R L I N , N E W
Y O R K , P A G E 2 .
- S O U R C E I N F O R M A T I O N -
C C R F C D A T E S O U R C E -
N A T I O N A L F I R E P R O T E C T I O N A S S O C I A T I O N , BOSTON, MASS.
P U B L I S H E R -
N A T I O N A L F IRE P R O T E C T I O N A S S O C I A T I O N
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N A T I O N A L F I R E P R O T E C T I O N A S S O C I A T I O N , B O S T O N , MASS.
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P E T R O L E U M R E F I N E R Y P I P I N G
-ABSTRACT-
THIS P E T R O L E U M R E F I N E R Y PIPING CODE IS A SECTION OF THE A M E R I C A N
N A T I O N A L S T A N D A R D B 3 1 CODE F O B PRESSURE PIPING. T H E CODE C O N T A I N S
BASIC R E F E R E N C E D A T A AND F O R M U L A S N E C E S S A R Y FOR DESIGN. IT IS
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- A B S T R A C T -
THIS ARTICLE REVIEWS VARIOUS SPILL TESTS THAT HAVE CONDUCTED WITH
LNG, LIQUID METHANE AND LIQUID NITROGEN - DESCRIBING THE RESULTS
AND KNOWLEDGE GAINED FROM EACH TEST. A BRIEF RESUME OF SEVERAL OF
THE MORE NOTABLE MATHEMATICAL MODELS DEVELOPED • AS A RESULT OF
THESE TESTS IS ALSO GIVEN. IT IS CONCLUDED THAT. (1) BOILING RATES
OF LNG CN COMPACTED SOILS MAY BE INFLUENCED SIGNIFICANTLY BY SOIL
TYPE, MOISTURE CONTENT AND LNG COMPOSITION. RAIN, HUMIDITY AND
DISTURBANCE OF THE INITIALLY COMPACTED SOIL- ARE LIKELY TO HAVE
SIGNIFICANT EFFECTS CN BOILING RATES IN THE EVENT OF A SPILL. TO
ACCURATELY CHARACTERIZE BEHAVIOR.OF A SPECIFIC DIKE FLOOR SOIL, IT
APPEARS THAT EXPERIMENTAL .DATA ON SIMILARLY COMPACTED AND TBEATED
MATER-IALS ARE NEEDED. (2) SIGNIFICANT REDUCTIONS IN BOILING R"ATES
C A N - BE OBTAINED BY SEALING THE DIKE" SURFACE TO PREVENT
PERCOLATION. THE SEAL MUST NECESSARILY REMAIN INTACT UNDER THERMAL.
SHOCK CONDITIONS ASSOCIATED WITH AN LNG SPILL. (3) DIKES FINISHED
WITH CRUSHED ROCK OR STONE WILL YIELD MUCH HIGHER VAPORIZATION
BATES THAN COMPACTED SOIL DIKES BECAUSE OF EASY PERCOLATION AND
HIGH SUEFACE AREA CF ROCK PER UNIT FLOOR AREA. LIKEWISE, DIKES
FINISHED WITH AN INSULATING CONCRETE, MAY REDUCE LNG SPILL BOILING
RATES BY AN ORDER OF MAGNITUDE OR MOKE BELOW ' THOSE FOR COMPACTED
SOIL DIKES. FOAM INSULATIONS, PROPERLY SEALED, OFFER STILL FURTHER
POSSIBILITY FOR REDUCING BOILING RATES, ALTHOUGH INSTALLATION AND
MAINTENANCE OF SUCH DIKE COVERINGS MAY BE DIFFICULT. (FOAM
INSULATED FLOORS REMAINED IN PLACE AND EFFECTIVE IN ONLY ONE OF
FOUR TESTS FOR WHICH 'THEY WERE INSTALLED.) (4) MORE EXPERIMENTAL
WORK IS NEEDED TO ASSESS THE BEHAVIOR AND PRACTICALITY OF
POTENTIAL INSULATING OR SEALING MATERIALS UNDER LNG SPILL
CONDITIONS. ALSO, FURTHER STUDY OF LNG FOAMING BEHAVIOR (AS A
FUNCTION OF COMPOSITION) AND ITS CONNECTION, IF ANY, . TO
PERCOLATION EFFECTS IN COMPACTED SOILS WOULD BE A MOST INTERESTING
RESEARCH AREA.
-PERTINENT FIGURES-
TAB. 1 THERMAL PROPERTIES OF SOIL, PAGE
LIQUID NITROGEN ON AGA TEST SOIL, PAGE
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LNG (93 P E R C E N T N E T H A N E - 7 P E R C E N T E T H A N E ) ON AGA TEST SOIL, PAGE
- B I B L I O G R A P H Y -
P A R K E R , R. 0.
A M E R I C A N G A S
( M A Y 1970)//
TO B U R N OR
ASSOCIATION
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-ABSTRACT-
A N E W M A T H E M A T I C A L M O D E L I S P R E S E N T E D F O R T H E D Y N A M I C S O F R O L L O V E R
I N L N G S T O R A G E T A N K S . T H E M O D E L I S E A S E D O N T H E C O N C E P T T H A T A N
R E P R E S E N T E D 3Y A SPECIFIED N U M B E R
C E L L S . D I F F E R E N T I A L E Q U A T I O N S O F
W R I T T E N
OF H E A T
F O R E A C H CELL T A K I N G I N T O
A N D M A S S ACROSS T H E CELL
I N I T I A L L Y S T R A T I F I E D T A N K C A N B E
O F D E N S I T Y L A Y E R S O R C O N V E C T I O N
E N E R G Y A N D M A S S C O N S E R V A T I O N A R E
A C C O U N T T H E T U R B U L E N T T R A N S P O R T
I N T E R F A C E S B Y D O U B L E - D I F F U S I V E C O N V E C T I O N . H E A T L E A K INTO
T A N K A N D T H E EFFECTS O F M E T H A N E BOIL-OFF F R O M T H E F R E E S U R F A C E
A L S O I N C L U D E D I N T H E M O D E L . T H E M O D E L H A S B E E N C O M P U T E R I Z E D .
L A S P E Z I A R O L L O V E R O F 1971 H A S B E E N S I M U L A T E D S U C C E S S F U L L Y B Y






ONSET OF THE C A R G O T R A N S F E R , W H I C H IS A L S O THE OBS E R V E D T I M E . THIS
M U S T B E F O R T U I T O U S .
T H E P E A K O F T H E L A
R E C O R D E D D A T A A R E
( W I T H I N U O P E R C E N T )
D U R I N G T H E R O L L O V E R .
A L H O S T E X A C T A G R E E M E N T W A S N O T E X P E ' C T E D A N D
T H E S E W E R E SOME I N S T R U M E N T F A I L U R E S D U R I N G
SPEZIA R O L L O V E R , E U T W H E N T H E A V A I L A B L E
E X T R A P O L A T E D , T H E R E IS ALSO GOOD A G R E E M E N T
B E T W E E N P R E D I C T E D A N D A C T U A L BOIL-OFF RATES
T H E M O D E L H A S B E E N D E V E L O P E D T O P R O V I D E P R E D I C T I O N S O F R O L L O V E R
TIMES A N D I N T E N S I T I E S A N D M A Y B E USED I N R O L L O V E R P R E V E N T I O N
S T R A T E G I E S . A N O R M A L I Z E D P A R A M E T R I C S O L U T I O N I S P R E S E N T E D I N
G R A P H I C A L F O R M . T H E S O L U T I O N I S I N T E N D E D F O R Q U I C K E N G I N E E R I N G
E S T I M A T E S O F R O L L O V E R TIMES A N D I N T E N S I T I E S .
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MANY CARGO CONTAINMENT SYSTEMS ARE AVAILABLE
-ABSTRACT-
THIS A R T I C L E B R I E F L Y S U M M A R I Z E S T H E V A R I O U S DESIGN CONCEPTS
A V A I L A B L E FOR LNG CARGO S H I P C O N S T R U C T I O N , ALONG WITH THEIR
A D V A N T A G E S A N D D I S A D V A N T A G E S . T H E DESIGNS A R E CATEGORIZED INTO
F O U R BASIC TYPES. PRISMATIC FREE-STANDING T A N K S , SPHERICAL
F R E E - S T A N D I N G T R U C K S , M E M B R A N E T A N K S , A N D S E M I - M E M B R A N E T A N K S .
- P E R T I N E N T FIGURES-
F IG .2 T Y P I C A L SECTIONS O F T W O M E M B R A N E T A N K DESIGNS, P A G E
40/ /TAB.3 P R I N C I P A L C H A R A C T E R I S T I C S O F L N G C A R R I E R D E S I G N S T H A T
A R E A V A I L A B L E N O W , P A G E 41//FIG.3 FREE S T A N D I N G T A N K S , P A G E 4 2
- S O U R C E I N F O R M A T I O N -
J O U R N A L P R O C E E D I N G S -
M A R . E N G . LOG VOL 77, NO. 10, 40-3 (SEP 1972)
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THE RISK OF COLLISION FOR AN LNG SHIP
by




A C C E S S L E V M L
f J n 1 i m i t e d
R E P O R T C L A S S
I n c r e m o a ta I
E N T R Y E V A L .
iN'one Given
- A B S T K A C T -
- T H I S R E P O R T A T T E M P T S T O Q U A N T I F Y
t f l T . H L I Q U I F I E D N A T U R A L G A S ( L N G )
ON THE M A A S V L A K T S . M O R E I i i P A R T I C
P R O B A B I L I T Y O F A N I N G Siil? G E T T I N G
B O U T E - F A P T F R O M T H E K A A S C E N T R E
T H E RISK T H A T R U N S A S K I P L O A D E D
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BARGE WILL EXTEND THE OCEANGOING PIPELINES
-ABSTRACT-
THIS B R I E F A R T I C L E DESCRIBES THE 32,000 B A R R E L LNG B A R G E
M A S S A C H U S E T T S , THE FIRST B A E G E FOR C O M M E R C I A L C A R R I A G E OF LNG
BUILT I N T H E U N I T E D STATES. T H E B A R G E , W H I C H WILL B E U N M A N N E D A N D
N O N - S E L F - P R O P E L L E D , IS CLASSED BY THE A M E R I C A N B U R E A U OF SHIPPING
AS AN A-1 P R E S S U R E T A N K B A R G E , FOR U N R E S T R I C T E D FULL O C E A N
S E R V I C E . T H E L N G C A R G O I S C A R R I E D I N FOOP C Y L I N D R I C A L A L U M I N U M
T A N K S D E S I G N E D F O R A M A X I M U M I N T E R N A L P R E S S U R E O F 4 B A R S .
-SOURCE I N F O R M A T I O N -
J O U R N A L P R O C E E D I N G S - • • ' . .
M A R . E N G . LOG VOL 77, NO. 10, 46-7 (SEP 1972)
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G A Z O C E A N S N S W S H I P H A U L S G A S T O BOSTON
- ABSTRACT-
T H I S B R I E F A R T I C L E DESCRIBES T H E 5 0 , 0 0 0 C U B I C M E T E R L N G CARGO
S H I P , D E S C A R T E S , D E S I G N E D P R I M A R I L Y A S A N L N G C A R R I E R B U T FITTED
W I T H A R E L I Q U E F A C T I O . N P L A N T T H A T W I L L E N A B L E H E R T O C A R R Y P R O P A N E ,
B U T A N E A N D OTHER L P G C A R G O E S . A T T H E T I M E O F W R I T I N G , T H E
D E S C A R T E S WAS THE . L A R G E S T LNG C A R R I E R TO DSE THE
T E C H N I G A Z / C O N C H - O C E A N M E M B R A N E T A N K S Y S T E M F O R C A R G O C O N T A I N M E N T .
- S O U R C E I N F O R M A T I O N -
J O U R N A L P R O C E E D I N G S -
M A R . E N G . LOG VOL 77 , NO. 10 , 44-5 (SEP 1972)
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LNG S A F E T Y P R O G R A M REFT. NO. U . - N O N - G R A Y T H E R M A L R A D I A T I O N
F R O M A F L A M E A B O V E A POOL OF LIQUID N A T U R A L GAS
by
f f l L C O X , D . C . .
00/00/71
S E C U R I T Y C L A S S
U/Unrestr ic ted
A C C E S S L E V E L
Unl imi ted
R E P O R T CLASS
S u m m a r y
E N T R Y E V A L .
Good/Excel .
- A B S T R A C T -
I N O R D E R T O A S S E S S T H E H A Z A R D S A S S O C I A T E D W I T H S P I L L A G E C F L I Q U I D
N A T U R A L G A S ( L N G ) S E V E R A L TOPICS M U S T B E C O N S I D E R E D . D O W N W I N D
D I S P E R S I O N A N D T H E P O S S I B I L I T Y O F D E T O N A T I O N A R E T W O SPECIFIC
TOPICS W H I L E A N O T H E R IS THE B U R N I N G OF THE GAS A B O V E A POOL OF
L N G . T H E R E A R E T W O ASPECTS O F T H E B U R N I N G P R O B L E M . T H E FIRST I S
THE P R E D I C T I O N OF THE R A T E OF E V A P O R A T I O N OF LNG F R O M THE POOL.
H E A T WILL B E P R O V I D E D B Y T H E G R O U N D T H R O U G H C O N D U C T I O N A N D THIS
EFFECT C A N B E C A L C U L A T E D B Y S O L V I N G A S T A N D A R D H E A T C O N D U C T I O N
E Q U A T I O N . T H E R E IS A N C T H E R S O U R C E OF HEAT W H I C H IS NOT SO E A S I L Y
C A L C U L A T E D H O W E V E R . H E A T I S D E L I V E R E D T O T H E L N G POOL F R O M T H E
B U R N I N G G A S E S B Y W A Y O F ' T H E R M A L R A D I A T I O N . T H E S E C O N D A S P E C T I S
T H E P R E D I C T I O N O P T H E ' T H E R P t A L E N V I R O N M E N T ASSOCIATED W I T H T H E
F L A M E . A L T H O U G H I T M I G H T A P P E A R T H A T THESE T W O ASPECTS A R E
H O P E L E S S L Y COUPLED, A SIMPLE A R G U M E N T SHOWS THIS TO NOT BE OF
G R E A T C O N S E Q U E N C E IN C O N S T R U C T I N G A SOLUTION TO BOTH P R O B L E M S
I N D E P E N D E N T L Y . IT IS THE S E C O N D A S P E C T OF THE B U R N I N G P R O B L E M
WHICH HAS B E E N A D D R E S S E D IN THIS STUDY. IN P A R T I C U L A R , A
M A T H E M A T I C A L M O D E L OF A F L A M E O V E R A POOL OF LNG HAS B E E N
D E V E L O P E D . T H E MOST I M P O R T A N T F E A T U R E O F T H E F L A M E M O D E L I S T H E
FACT T H A T T H E G A S E S I N V O L V E D I N T H E T R A N S F E R O F H E A T V I A T H E R M A L
R A D I A T I O N A R E A S S U M E D T O B E N O N - G R A Y .
- P E R T I N E N T F I G U R E S -
FIG. 1 A F L A M E A B O V E AN LNG
INSIDE THE P L U M E , P A G E 19
POOL, PAGE 6//FIG.2 I M P O R T A N T C O N T O U R S
- B I B L I O G R A P H Y -
LNG I N F O R M A T I O N BOOK, JULY 1968, P R E P A R E D BY LNG I N F O R M A T I O N BOOK
TASK GROUP OF THE L I Q U E F I E D N A T U R A L GAS C O M M I T T E E
(1968)/ /ZABETAKIS, M. G. , F L A M M A B I L I T Y CHARACTERISTICS OF
C O M B U S T I B L E GASES AND V A P O R S , BULLETIN 627, B U R E A U OF M I N E S
( 1 9 6 5 ) / / S E R G E A N T , R. ,J. AND R O B I N E T T , F. E. , AN E X P E R I M E N T A L
I N V E S T I G A T I O N OF THE A T M O S P H E R I C DIFFUSION AND IGNITION OF
BOIL-OFF VAPORS ASSOCIATED WITH A SPILLAGE OF LIQUEFIED N A T U R A L
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GAS, TRW R E P O R T NO. 08072-7 ( 1968)//PETERSON, J. B., ET A L . ,
T H E R M A L R A D I A T I O N A N D O V E R P R E S S U R E S F R O M I N S T A N E O U S L N G R E L E A S E
INTO THE ATMOSPHERE, TRW F I N A L REPORT NO. 08072-1 (1968)
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
TRW S Y S T E M S G R O U P , R E D O N D O BEACH, CALIF.
SPONSOR -
A M E R I C A N GAS ASSOCIATION, INC., A R L I N G T O N , VA.
C O N T R A C T N U M B E R -
PROJECT IS-33-U
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76
keys 21604 through 21609
LNG S A F E T Y P R O G R A M KEPT. NO. 3- .
by
D U F F Y , A . R .
G I D E O N , D . N .
P U T N A M , A . A .
B E A R I N T , D . E .
S L I S P C E V I C H , C. M.
E T A L
00/00/71
S E C U R I T Y CLASS
U/Unrestr ic ted
A C C E S S L E V E L
U n l i m i t e d
R E P O R T CLASS
S u m m a r y
E N T R Y E V A L .
Good/Excel.
THIS R E P O R T
C R Y O G E N S , A
D I S C U S S I O N
DISPERSION;
- A B S T R A C T -
P R E S E N T S D A T A O N K N O W N SPILLS O F L N G C R O T H E R
D I S C U S S I O N A N D A N A L Y S I S O F P R O B L E M A R E A S , A N D A
O F C O N S E Q U E N C E S O F SPILLS I N C L U D I N G D O W N W I N D
R A D I A T I O N FROM FIRES, AND REACTIONS W I T H W A T E R . A
F I N A L SECTION O F T H E R E P O R T S U M M A R I Z E S T H E C O N C L U S I O N S B A S E D O N
T H I S I N V E S T I G A T I O N . • . A N D R E C O M M E N D S C O N T I N U E D I N V E S T I G A T I O N A N D
• F U T U R E R E S E A R C H I N . S E V E R A L . A R E A S F O R T H E P U R P O S E O F F U R T H E R
E N H A N C I N G T H E S A F E T Y A N D R B L I A 3 I L I T Y O F . L N G PLANTS. -
- P E R T I N E N T F I G U R E S -
TAB. 1 S U M M A R Y . O F D A T A O N K N O W N SPILLS O F C R Y O G E N S , P A G E
4-7//FIG.A-1 V A P O R I Z A T I O N R A T E O F L N G A F T E R SPILLAGE O N T O
2 0 C - S U R F A C E ( S O L I D C U R V E ) A N D 32-F S U R F A C E ( D A S H E D C U R V E ) , P A G E
A-3
- B I B L I O G R A P H Y -
B U R G E S S , D . S . , M U R P H Y , J . N . AND Z A B E T A K I S , M. G . , H A Z A R D S OF LNG
S P I L L A G E I N M A R I N E T R A N S P O R T A T I O N , B U R E A U O F M I N E S R E P O R T ,
F E B R U A R Y 1970 AD 705078// B U R G E S S , D . S . , M U R P H Y , J . N . AND
Z A B E T A K I S , M. G. , H A Z A R D S ASSOCIATED WITH THE S P I L L A G E OF
LIQUEFIED N A T U R A L G A S O N H A T E R , B U R E A U O F W I N E S R E P O R T , R I 7U48 ,
NOV 1970/ /WELKER, J . R. , W E S S O N , H. R. AND SLIEPCEVICH, C. M. ,
P R E S E N T E D AT A. G. A. D I S T R I B U T I O N C O N F E R E N C E , O P E R A T I N G SECTION,
MAY 1969/ /PARKER, R. 0 . AND S P A T A , J . K . , DOW N W I N D T R A V EL OF
V A P O R S F R O M LARGE ECOLS OF C R Y O G E N I C LIQUIDS, P R O C E E D I N G S , FIRST
I N T E R N A T I O N A L C O N F E R E N C E O N L N G , A P R I L , 1968//TRW, T H E R M A L
R A D I A T I O N A N D O V E R P R E S S U R E S FROM I N S T A N T A N E O U S L N G R E L E A S E INTO
THE A T M O S P H E R E , F I N A L R E P O R T , TO A . G . A . , NO. 08072-4, APR 26 ,
1968/ /BURGESS, D. AND Z A B E T A K I S , M. G . , FIRE AND EXPLOSION
H A Z A R D S A S S O C I A T E D WITH L I Q U E F I E D N A T U R A L GAS, U.S. DEPT. OF THE
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INTERIOR, BUREAU OF MINES, RI 6099, 1962
-SOURCE INFORMATION-
CORPORATE SODRCE -
BATTELLE MEMORIAL INST., COLUMBUS, OHIO//UNIVERSITY
ENGINEERS, INC., NORMAN, OKLA.
SPONSOR -
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LNG SAFETY PROGRAM KEPT. NO. 1
- ABSTRACT -
THE OVERALL OBJECTIVE OF LIQUEFIED NATURAL GAS (LNG) SAFETY
RESEARCH IS TO DEVELOP THE TECHNICAL INFORMATION NECESSARY FOR THE
DESIGN, LAYOUT, INSTALLATION, AND OPERATION OF THE PLANT AND
EQUIPMENT IN SUCH A WAY AS TO ACHIEVE MAXIMUM PROTECTION FOR
OPERATING PERSONNEL AND THE PUBLIC. THE SPECIFIC OBJECTIVES OF THE
WORK PRESENTED IN THIS VOLUME ARE, 1. TO DEFINE THE TYPES OF
ACCIDENTS THAT MAY BE REASONABLY EXPECTED, AND 2. TO ESTABLISH
METHODS OF PREVENTING THESE ACCIDENTS. THE METHODS OF ASSESSING
THE CONSEQUENCES (CR HAZARDS) RESULTING FROM THE ACCIDENTAL
RELEASE OF LNG ARE DISCUSSED IN VOLUME II - METHODS OF PREDICTING
AND REDUCING LNG HAZARDS. THIS VOLUME IS CONCERNED WITH THE
POTENTIAL FAILURE OP EQUIPMENT AT PEAK SHAVING, RASE LOAD, AND
SATELLITE FACILITIES. IT IS ALSO CONCERNED WITH ACCIDENTS THAT MAY
OCCUR IN LAND AND HATER TRANSPORT. THE RESULTS OF THIS STUDY
SHOULD 'FORK THE BASIS FOR AN ASSESSMENT OF THE CURRENT LEVEL OF
SAFETY THAT IS BEING ACHIEVED, DIRECTING FURTHER EFFORTS TO REDUCE
THE OCCURRENCE OF ACCIDENTS, AND ESTABLISHING THE LEVEL AND TYPE
OF PROTECTION THAT WILL ENHANCE SAFETY AT THESE FACILITIES.
-PERTINENT FIGURES-.
T A B . 1 LNG SPILLS R E P O R T E D ON Q U E S T I O N N A I R E , P A G E - 9 / /TAB. 3 E X P E C T E D
R E D U C T I O N I N L I F E T I M E F R O M A C O N T I N U O U S , L I F E - L O N G , L O W
P R O B A B I L I T Y T H R E A T OF F A T A L I T Y , P A G E 13//TAB.U U P P E R LIMIT OF RISK
L E V E L B A S E D O N P L A N T - Y E A R S O F S P I L L - F R E E O P E R A T I O N , P A G E 14//TAB.5
H A N K I N G O F P O T E N T I A L A C C I D E N T S I N D E C R E A S I N G O R D E R O F P R O B A B I L I T Y
OF O C C U R R E N C E , P A G E 46
- B I B L I O G R A P H Y -
M O O R E , W . I . A N D A R N O L D , R . J . , F A I L U R E O F A P O L L O S A T U R N V L I Q U I D
O X Y G E N L O A D I N G S Y S T E M , A D V A N C E S I N C R Y O G E N I C E N G I N E E R I N G V O L 1 3 ,
534-44, P L E N U M P R E S S , NEW Y O R K ( 1968) / /REPORT ON THE I N V E S T I G A T I O N
OF THE F I R E AT THE L.IQUEFICAT10N STORAGE AND REGASIFICAT ION PLANT.
OF THE EAST OHIO GAS C O M P A N Y , C L E V E L A N D , OHIO, OCTOBER 20, 1944,
U N I T E D STATES D E P A R T M E N T O F T H E I N T E R I O R - B U R E A U O F M I N E S REPOBT
R I 3867 (FEB 1946) / /LOW P R E S S U B E S T O R A G E T A N K S FOR LIQUEFIED
N A T U R A L GAS, A P P E N D I X Q, S U P P L E M E N T TO API S T A N D A R D 620 (THIRD
EDITION) R E C O M M E N D E D RULES F O R D E S I G N A N D C O N S T R U C T I O N O F L A R G E ,
iELDED, L O W P R E S S U R E S T O R A G E T A N K S . A V A I L A B L E F R O M A M E R I C A N
P E T R O L E U M I N S T I T U T E , N E H Y O R K ( A U G 1968)//A S T U D Y O F U N I F O R M
R E P O R T I N G S Y S T E M FOR ALL MODES OF T R A N S P O R T A T I O N IN R E P O R T I N G
INCIDENTS A N D A C C I D E N T S I N V O L V I N G T H E S H I P M E N T O F H A Z A R D O U S
M A T E R I A L S , T H E N A T I O N A L T R A N S P O R T A T I O N SAFETY BOARD, W A S H I N G T O N ,
D.C. SEE ALSO, A S T U D Y OF T R A N S P O R T A T I O N OF H A Z A R D O U S M A T E R I A L S , A
R E P O R T TO THE OFFICE OF H A Z A R D O U S M A T E R I A L S . O F THE U.S. DEPT. OF
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A M E R I C A N GAS ASSOCIATION O P E R A T I N G SECTION (1972) / /THE C O S M O D Y N E
C O R P . , C R Y O G E N I C S A M P L E R S B U L L E T I N TDS-806-1// COOK, H. L. , JR. ,
O.S. P A T E N T 3,487,692, A S S I G N E D TO VEHOC COEP. ( J A N 6, 1970)
-SOURCE I N F O R M A T I O N -
CORPORATE SOURCE -
PHILLIPS P E T R O L E U M CO., B A R T L E S V I L L E , O K L A .
J O U R N A L PROCEEDINGS -
87
PIPE L I N E IND. VOL 39, NO. 3, 70-2 (SEP 1973)
OTHER I N F O R M A T I O N -
0003 PAGES, 0002 FIGURES, 0001 TABLES, 0005 R E F E R E N C E S
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S E C U R I T Y CLASS
U/Unrestr icted
ACCESS L E V E L
Unl imi ted
REPORT CLASS
S u m m a r y
E N T R Y E V A L .
Good/Excel.
- A B S I R A C T -
THIS P A P E R D E S C R I B E S T H E V A R I O U S L N G C A R G O T A S K DESIGNS N O W U S E D
I N C O M M E R C I A L L N G SHIPS A N D A L S O B R I E F L Y D I S C U S S E S N E W C O N C E P T S .
( A C A U T I O N A R Y S T A T E M E N T I S M A D E THAT U N T I L A P P R E C I A B L E O P E R A T I O N A L
E X P E R I E N C E I S G A I N E D W I T H T H E P R E S E N T DESIGNS, N E W D E S I G N S SHOULD
B E S H E L V E D . ) D E S C R I B E D A N D C O M P A R E D A R E . ( 1 ) I N T E G R A T E D T A N K S
U T I L I Z I N G T H E G A Z T R A N S P O R T I N V A R M E M B R A N E A N D T H E T E C H N I G A Z
S T A I N L E S S STEEL W A F F L E P L A T E , ( 2 ) S E L F - S U P P O R T I N G T A N K S ( P R I S M A T I C
A L U M I N U M T A N K S O F T H E ESSO R E S E A R C H A N D COUCH DESIGN, S P H E R I C A L
A L U M I N U M OR 9 P E R C E N T N I C K E L STEEL T A N K S OF THE M O S S - R O S E N B E R G OR
T E C H N I G A Z D E S I G N S , A N D S E M I - M E M B R A N E T A N K S O F T H E B R I D G E S T O N E
D E S I G N ) , A N D ( 3 ) N O V E L D E S I G N S U T I L I Z I N G W E T W A L L I N S U L A T I O N ,
C O N C R E T E T A N K S , ' S I N G L E HULL A L U M I N U M VESSELS, ETC.
- P E R T I N E N T F I G U R E S -
TAB. 3 C O M M O N F E A T U R E S O F I N T E G R A T E D T A N K DESIGNS, P A G E 2 8 U / / T A B . U
I N T E G R A T E D T A N K D E S I G N S , P A G E 28U/ /TAB.5 S E L F - S U P P O R T I N G T A N K S ,
P A G E 286// T A B . 6 S E M I M E M E R A N B T A N K S ( B R I D G E S T O N E ) , P A G E 2 8 8
- S O U R C E I N F O R M A T I O N -
CORPORATE SOURCE -
GAZOCEAN U.S.A.
N E W Y O R K , N . Y .
J O U R N A L P R O C E E D I N G S -
A D V A N C E S I N C R Y O G E N I C
D. T I M M E R H A U 5 , EDITOR.
CON P., GEORGIA INST. OF
P U B L I S H E R -
P L E N U M PRESS
OTHER INFORMATION -
0013 PAGES, 0011 FIGURES, 0000 TABLES, 0000 R E F E R E N C E S
INC., BOSTON, M A S S . / / A M E R I C A N T E C H N I G A Z I N C ,
E N G I N E E R I N G VOL 19, 282-91 ( 1 9 7 4 ) , K.
(PSOC. OF 1973 C R Y O G E N I C E N G I N E E R I N G
TECH., A T L A N T A , AUG 8-10, 1973)
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I T I S N O W A M A T T E R O F R E C O R D T H A T S E V E R A L L A R G E L N G FACILITIES
H A V E E X P E R I E N C E D B O L L - O V E R I N C I D E N T S . THIS P A P E R H A S B E E N
M O T I V A T E D B Y T H E S E I N C I D E N T S A N D I S
N A T U R E O F T H E M I X I N G P R O C E S S E S WHICH
P A R T I C U L A R A T T E N T I O N IS F O C U S E D ON
D U R I N G A T A N K F I L L I N G O P E R A T I O N , F O R
TO THE T A N K IS H E R E R E F E R R E D TO AS
I N V E N T O R Y , IS R E F E R R E D TO AS H E E L . BY
R O L L - O V E R S T O D A T E O C C U R R E D O N .
E S S O - D E S I G N E D S N A M L N G T E R M I N A L I N
A D D R E S S E D TO THE E X T E N T AND
OCCUR W I T H I N A N L N G T A N K .
T H E M I X I N G W H I C H T A K E S P L A C E
W H I C H R E A S O N T H E F L U I D A D D E D
CAfiGO A N D T H E I N I T I A L FLUID
F A R T H E BEST K N O W N O F A L L
A U G U S T 21, 1.971, AT THE
LA S P E Z I A , I T A L Y . AS THE
D E T A I L S O F THIS C A S E H A V E B E E N R E P O R T E D E L S E W H E R E , A V E R Y B R I E F
D E S C R I P T I O N H E R E IS S U F F I C I E N T . THE E V E N T TOOK P L A C E 18 H O U R S
A F T E R THE R E C E I P T ( V I A A S I D E - E N T E R I N G BOTTOM FILL L I N E ) OF A
C A R G O O F R A T H E R W E A T H E R E D L I B Y A N L N G , A N D D U R I N G THAT 1 8 H O U R
P E E I C U T H E B O I L - O F F R A T E W A S A B O U T 2 , 0 0 0 L B S / H R . I N
M I N U T E S , T O T A L V A P O R E V O L U T I O N W A S 300,000 LBS.
E N O P M O U S V E N T I N G R A T E , T H E R E W A S N O E X P L O S I O N , N O
S T R U C T U R A L D A M A G E . N O N E T H E L E S S , T H E H A Z A R D S
C O N S I D E R A B L E , A N D S A F E P R A C T I C E R E Q U I R E S T H A T T H E
U N D E R S T O O D A N D T H A T D E S I G N A N D O P E R A T I N G P R O C E D U R E S
THE N E X T 75
DESPITE THIS
F I R E , A N D N O
POSED W E R E
P H E N O M E N O N B E
B E D E V E L O P E D
T O P R O V I D E
I M P O S S I B L E .
A S S U R A N C E T H A T T H E R E C U R R E N C E O F S U C H E V E N T S I S
- P E R T I N E N T F I G U R E S -
FIG. 1 R E C I R C U L A T I O N P A T T E R N S F O R ,
A N D ( 3 ) A N O N - S T S A T I F I E D F L U I D ,
T R A J E C T O R Y , P A G E 12.6
( A ) A N I D E A L I Z E D
P A G E 125//FIG.2
S T R A T I F I C A T I O N ,
S K E T C H OF JET
- 3 I B L I O G R A P H Y -
S A R S T E N , J . A . , P I P E L I N E A N D
G I N E S T E , « . , P R O C E E D I N G S OF
(OCT 1970) / / D R A K E , E. H. ,
GAS J. , 37 (SEP 1972) / /BELLUS, H. AND
L N G - 2 , SESSION III, P A P E R 2, PARIS
GEIST, J . M . A N D S M I T H , K . A . ,
90
HYDROCARBON PROCESSING, 87 (MAR 1 973 )//CHATTER JEE,
J. M., PIPELINE AND GAS J., UO (SEP 1972) //MAHER,
GELDER, L. R., PROCEEDINGS OF LNG-3, SESSION
WASHINGTON, B.C. (SEP 1972)
N. AND GEIST,




MASSACHUSETTS INST. OF TECH., CAMBRIDGE//DISTRIGAS CORP.,
BOSTON, MASS.// DISTRIGAS CORP., BOSTON, MASS.//CABOT CORP.,
BOSTON, MASS.
JOURNAL PROCEEDINGS -
ADVANCES IN CRYOGENIC ENGINEERING (A COLLECTION OF INVITED
PAPERS AND CONTRIBUTED PAPERS PRESENTED AT NATIONAL TECHNICAL
MEETINGS DURING 1973 AND 1974) VOL 20, 124-33 (1975), K. D.
TIMMESHAUS, EDITOR. (PRESENTED AT CRYOGENIC ENGINEERING
CCNF. , GEORGIA INST. TECH., ATLANTA, AOG 8, 1973. PAPER NO.
G-6)
PUBLISHER -
P L E N U M PRESS
O T H E R I N F O R M A T I O N -
0016 PAG-ES, 0006 F I G U R E S , 0000 T A B L E S , 0009 R E F E R E N C E S
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VAPOR DISPERSION F f i O M SPILLS OF LNG OK L A N D
by
DRAKE, E.' M.
PUTNAM, A. A. ,
00/00/75
S E C U R I T Y CLASS
U/Unrestr icted




E N T R Y E V A L .
Good/Excel.
-ABSTRACT-
T H E M O D E L L N G V A P O R D I S P E R S I O N D E V E L O P E D B Y A . D . LITTLE, INC. H A S
B E E N S H O W N T O P R E D I C T D O W N W I N D V A P O R C L O U D " C O N C E N T R A T I O N S FROM
R A P I D L N G . SPILLS I NT.C LOW DIKES R A N G I N G FROM 6 FT TO 80 FT
D I A M E T E R . A L L O W A N C E S H A V E B E E N M A D E F O R T H E V A P O R CAPACITY O F T H E
D I K E S A N D V A R I O U S M E T E O R O L O G I C A L CONDITIONS. T H E A U T H O R S E X P E C T
THAT THE MODEL PREDICTIONS SHOULD A L L O W RELIABLE SCALE-UP TO POOL
SIZES IN THE 400 TO 500 FT D I A M E T E R R A N G E . IT IS ALSO B E L I E V E D
T H A T T H E D E M O N S T R A T I O N O F T H E A G R E E M E N T B E T W E E N MODEL A N D
E X P E R I M E N T A L ' R E S U L T S F O S T H E ACTUAL T E S T - C O N D I T I O N S ( N E U T R A L T O
SLIGHTLY. I J N ' S f A B L E A T M O S P H E R E S ) I N D I C A T E S ' T H A T S T A N D A R D A T M O S P H E R I C
P A R A M E T E R S C A N B E U S E D T O PREDICT D O W N W I N D VAPOR CLOUD T R A V E L F O R
O T H E R A T M O S P H E R I C C O N D I T I O N S (I .E. S T A B L E A T M O S P H E R E S ) . T H E - M O D E L
I S I N A C C U R A T E W I T H I N O N E D I K E D I A M E T E R D O W N W I N D O F T H E S O U R C E .
THIS RESULTS B E C A U S E THE MODEL ASSUMES A L I N E SOURCE AT THE DIKE
E D G E .
.FIG.3 C O M P O N E N T S O F E M P I R I C A L
C L E M E N T E SOIL, P A G E 1 3 8
- P E R T I N E N T F IGURES-
R E L A T I O N S H I P F O R L N G B O I L I N G O N S A N
; O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
L I T T L E ( A R T H U R D. ) , INC.
INST. , C O L U M B U S , OHIO
J O U R N A L P R O C E E D I N G S -
A D V A N C E S I N C R Y O G E N I C
P A P E R S A N D C O N T R I B U T E D
M E E T I N G S D U R I N G 1973
T I M M E R H A U S , E D I T O R (1975) ( P R E S E N T E D A T
C O N F . , G E O R G I A INST. O F T E C H . , A T L A N T A ,
NO. P-1)
P U B L I S H E R -
P L E N U M PRESS
OTHER I N F O R M A T I O N -
C A - I B R I D G F , , M A S S . / / B A T T E L L E M E M O R I A L
E N G I N E E R I N G (A COLLECTION OF I N V I T E D
P A P E R S P R E S E N T E D A T N A T I O N A L T E C H N I C A L
AND 1974) VOL 20, 134-42, K. D.
C R Y O G E N I C E N G I N E E R I N G
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Summary ._ Acceptable
-ABSTRACT-
Fire detectors and fire detection systems are reviewed beginning
wi th the simplest sys tem, the sprinkler. The bimetal l ic strip heat
detector and air pressure hea t detector are also discussed. Smoke
detection systems include the ionization detector and optical
detector. Optical detectors func t ion by the effects of the smoke
on a beam of light passing through it. Two phenomena are
i m p o r t a n t , obscuration and scatter. The f i n a l category of f i re
detectors considered is that which depends upon the recognition of
radiation from the burning zone. Infrared and ultraviolet
detection are discussed brief ly.
• ' • ' - P E R T I N E N T F I G U R E S - " " ' . ' " ' •
FIG. 1 B I - M E T A L L I C STRIP H E A T DETECTOR P A G E 73//FIG. 2 AIR
P R E S S U R E HEAT DETECTOR PAGS 74//FIG. 3 I O N I Z A T I O N C H A M B E R SMOKE
DETECTOR P A G E 75//FIG. 4 L I G H T S C A T T E R I N G D E T E C T I O N S Y S T E M P A G E
77//FIG. 5 LIGHT O B S C U R A T I O N DETECTOR P A G E 78
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
JOINT F I R E R E S E A R C H O R G A N I Z A T I O N , B O R E H A M SOOD ( E N G L A N D ) .
J O U R N A L P R O C E E D I N G S -
I F E Q A N , INST F I R E ENG Q U A R T , V O L . 32 , NO. 85 , 71-79 ( M A R .
1972)
OTHER I N F O R M A T I O N -
0009 PAGES, 0005 F I G U R E S , 0000 TABLES, 0000 REFERENCES
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T H E R M A L R A D I A T I O N FROM LNG SPILL FIRES
by
R A J , P.
A T A L L A H , S.
'00/00/75
S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS. E N T R Y EVAL.
U/Unrestr ic ted U n l i m i t e d
 t S u m m a r y Good/Excel.
- A 8 S T R A C T -
THIS P A P E R R E V I E W S T H E P R E S E N T STATE O F K N O W L E D G E R E L A T I N G T O
T H E R M A L R A D I A T I O N F R O K L N G FIRES. U T I L I Z I N G D A T A F R O M R E C E N T
A G A - S P C N S O R E D LNG FIRES IN S E V E N 6- , SIX 20-, AND ONE 80-FOOT
D I A M E T E R POOLS, E Q U A T I O N S H E R E D E R I V E D F O B P R E D I C T I N G L N G F L A M E
HEIGHT AND THE A N G L E OF TILT OF LNG FLAMES IN THE P R E S E N C E OF
W I N D . A MODEL FOR P R E D I C T I N G THE T H E R M A L R A D I A T I V E F L U X AT V A R I O U S
LOCATIONS A W A Y F R O M A N L N G F I R E I S P R E S E N T E D .
' . . - B I B L I O G R A P H Y - . . '
A R T H U R ' D . LITTLE, I N C . , A R E P O R T ON LNG S A F E T Y R E S E A R C H - VOL I I ,
P R E P A R E D ' F O E A M E R I C A N G A S A S S O C I A T I O N (1971 ) / /BURGESS , D . A N D
Z A B E T A K I S , M . G . , F I R E A N D EXPLOSION H A Z A R D S A S S O C I A T E D WITH
L I Q U E F I E D N A T U R A L G A S , B U R E A U O F M I N E S R E P O R T N O . 6099, U . S .
D E P T . OF I N T E R I O R ( 1 9 6 2 ) / / D R AK E, E . M. AND P U T N A M , A. A. , V A P O R
D I S P E R S I O N F R O M SPILLS O F L N G O N L A N D , P A P E R P-1, C R Y O G E N I C
E N G I N E E R I N G C O N F E R E N C E ( A U G 1 9 7 3 ) / / M A Y , W . G . A N D M C Q U E 5 N , W . ,
R A D I A T I O N F R O M L A R G E L N G F I R E S , L N G I M P O R T A T I O N A N D T E R M I N A L
S A F E T Y C O N F E R E N C E P R O C E E D I N G S , BOSTON, M A S S . , 106-21 ( J O N 13-4,
1972)
- S O U R C E I N F O R M A T I C N -
C G R P O R A T E S O U R C E - .
L I T T L E ( A R T H U R D . ) , I N C . , C A M B R I D G E , M A S S .
J O U R N A L P R O C E E D I N G S -
A D V A N C E S I N C R Y O G E N I C E N G I N E E R I N G V O L 2 0 , 143-50 (1975) , K .
D . T I M M E R H A U S , EDITOR. ( A COLLECTION O F I N V I T E D P A P E R S A N D
C O N T R I B U T E D P A P E R S P R E S E N T E D A T N A T I O N A L T E C H N I C A L M E E T I N G S
D U R I N G 1973 A N D 1974)
P U B L I S H E R -
P L E N U M P R E S S
O T H E R I N F O R M A T I O N -
0008 PAGES, 0000 FIGURES, 0001 TABLES, 0008 REFERENCES
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keys 216'45 th rough 21647
C O N T R O L O F L N G SPILL FIRES O N L A N D
by
W E S S O N , H . R .
W E L K E R , J . R.
B R O W N , L . E .
00/00/75
S E C U R I T Y CLASS A C C E S S L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unres t r ic ted U n l i m i t e d S u m m a r y Good/Excel.
- A E S T R A C T -
THIS P A P E R D I S C U S S E S T H E R E S U L T S O F A N E X P E R I M E N T A L P R O G R A M T O
D E T E R M I N E . ( 1 ) T H E C A P A B I L I T I E S O F H I G H E X P A N S I O N F O A M S T O
P R O M O T E A F A S T E R D I S P E R S I O N O F B O I L - O F F V A P O R S ( F R O M A N L N G SPILL)
T O R E D U C E T H E I G N I T I O N P O T E N T I A L . ( 2 ) T H E C A P A B I L I T I E S O F HIGH
E X P A N S I O N F O A M S T O C O N T R O L L N G SPILL FIRES O N L A N D A N D ( 3 ) T H E
R E L A T I V E E F F E C T I V E N E S S O F V A R I O U S D R Y C H E M I C A L A G E N T S I N
E X T I N G U I S H I N G L N G SPILL F I R E S O N L A N D . E X P E R I M E N T A L D A T A
C O R R E L A T I O N S D E F I N I N G T H E ' E F F E C T S O F F O A M A P P L I C A T I O N RATE, FOAM
E X P A N S I O N RATIO A N D F O A M Q U A L I T Y O N ' V A P O R DISPERSION A N D SPILL
F I R E CONTROL A R E P R E S E N T E D A N D DISCUSSED. C O R R E L A T I O N S DEFINING
M I N I M U M A P P L I C A T I O N R A T E S T H A T W I L L A C C O M P L I S H SPILL F I R E
E X T I N G U I S H M E N T , THE EFFECTS OF I N C R E A S E D A P P L I C A T I O N R A T E ON FIRE
E X T I N G U I S H I N G T I M E A N D A C O M P A R I S O N O F T H E P E R F O R M A N C E
CAPABILITIES OF THE V A R I O U S DRY C H E M I C A L A G E N T S TESTED ARE ALSO
PRESENTED AND DISCUSSED. R E C O M M E N D A T I O N S ON DESIGN FACTORS FOR
BOTH HIGH E X P A N S I O N F O A M A N D D R Y C H E M I C A L SYSTEMS A R E P R E S E N T E D .
- P E R T I N E N T F I G U R E S -
TAB. 1 C C M P A R I S O N OF DRY C H E M I C A L A G E N T T H R E S H O L D LIMITS FOR THE
E X T I N G U I S H M E N T OF E X P O S E D LNG POOL FIRES W I T H A TOTAL LNG
E V A P O R A T I O N R A T E O F N O T M O R E T H A N 0 . 5 INCHES P E R M I N U T E , P A G E
162//FIG.1 C O R R E L A T I O N O F T H E H I G H E X P A N S I O N FOAM F I R E C O N T R O L
T I M E S , P A G E 153//FIG.2 EFFECTS OF F O A M E X P A N S I O N RATIO ON E X T E R N A L
R A D I A T I O N H E A T F L U X LEVELS W I T H FOAM B R A N D A S A P A R A M E T E R , P A G E
154//FIG.8 R E C O M M E N D E D M I N I M U M D R Y C H E M I C A L A P P L I C A T I O N RATES F O R
E X T I N G U I S H M E N T OF LNG SPILL FIBES W I T H DRY C H E M I C A L TYPES AS
P A R A M E T E R S , PAGS 161
- B I B L I O G R A P H Y -
B U R G E S S , D. AND Z A E E T A K I S , M. G. , F IRE AND EXPLOSION H A Z A R D S
ASSOCIATED WITH LIQUEFIED N A T U R A L GAS, B U R E A U OF M I N E S REPORT
RI-6099 (1962)// W E S S O N , H. R., W E L K E R , J. R. AND 3ROHS, L. E. ,
CONTROL OF LNG SPILL FIRES W I T H H I G H E X P A N S I O N FOAMS, P R E S E N T E D AT
95
1972 A S M E P E T R O L E U M M E C H A N I C A L E N G I N E E R I N G CONFERENCE, N E W
O R L E A N S , LA. , PAPER NO. 72-PET-46, H Y D R O C A R B O N PROCESSING VOL 15,
NO. 12, 61 (1972) / /HALLS, W. L., F IRE J. VOL 61, NO. 1, 15 (1972)
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
U N I V E R S I T Y E N G I N E E R S , I N C . , N O R M A N , OKLA.
J O U R N A L P R O C E E D I N G S -
A D V A N C E S , I N C R Y O G E N I C . E N G I N E E R I N G (A COLLECTION OF I N V I T E D
P A P E R S A N D C O N T R I B U T E D P A P E R S P R E S E N T E D A T N A T I O N A L T E C H N I C A L
M E E T I N G S D U R I N G 1973 AND 1974) VOL 20, 151-63 (1975) , K. D.
T I M M E R H A U S , E D I T O R . ( P R E S E N T E D A T C R Y O G E N I C E N G I N E E R I N G
C O N F . , G E O R G I A INST. T E C H . , A T L A N T A , AUG 8-10, 1973. P A P E R
NO. P-4)
P U B L I S H E R - .
P L E N U M P R E S S
O T H E R I N F O R M A T I O N -
0036 P A G E S , 0008 F I G U R E S , 0001 TABLES, O O O U R E F E R E N C E S
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keys 216U8 through 21650





SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited . Summary Acceptable
-ABSTRACT-
THIS IS A V E R Y B R I E F I N T R O D U C T I O N TO THE S E S S I O N ON LNG S A F E T Y
H E L D A T T H E 1973 C B Y C G E N I C E N G I N E E R I N G C O N F E R E N C E . K E Y A R E A S
R E Q U I R I N G F U R T H E R R E S E A R C H T O E N H A N C E T H E S A F E T Y O F H A N D L I N G A N D
U S I N G L N G A R E I D E N T I F I E D .
- S O U R C E I N F O R M A T I O N -
C C R P C R A T E S O U R C E - -
' LITTLE ( A R T H U R D . ) , I N C . , C A M B R I D G E , M A S S . / / M A S S ACHTJS ETTS
INST. OF TECH. , C A W S - R I D G E . ' .
J O U R N A L P R O C E E D I N G S - ' '
C R Y O G E N I C E N G I N E E R I N G C O N F . , G E O R G I A INST. OF T E C H . , A T L A N T A , .
AUG 8-10, 1973. P A P E R NO. N-3
OTHER I N F O R M A T I O N -
0005 P A G E S , 0000 F I G U R E S , 0000 T A B L E S , 0000 R E F E R E N C E S
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keys 21657 through 21661
FIRE PROTECTION D E V E L O P M E N T S I N CNG-FUELED V E H I C L E




SECDRITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Summary Good/Excel.
-AB3TRACT-
THE P R O B L E M OF AIR P O L L U T I O N IN M E T R O P O L I T A N A R E A S HAS P R O M P T E D A
V A R I E T Y O F S O L U T I O N S W I T H R E G A R D T O M O T O R - V E H I C L E S . O N E SOLUTION
IS TO USE C O M P R E S S E D N A T U R A L GAS AS A M O T O R F U E L . R E D U C E D
E M I S S I O N S T O G E T H E R W I T H COST S A V I N G S H A V E PROMPT E D S E V E R A L
T H O U S A N D FLEET V E H I C L E C O N V E R S I O N S I N T H E L O S A N G E L E S B A S I N A R E A
A L O N E . THE E X P A N D I N G M A R K E T I N D I C A T E S A N E E D FOR P O I N T E R S ON
V A R I O U S F IRE S A F E T Y D E V E L O P M E N T S T H A T WILL H E L P I N D I V I D U A L S O R
C O M P A N I E S C O N T E M P L A T I N G U S E O F C O M P R E S S E D G A S F O E THEIR VEHICLES.
AS S T A T E D IN A R E P O R T BY THE I N S T I T U T E OF GAS T E C H N O L O G Y FOR THE
A I R . P O L L U T I O N C O N T R O L OFFICE, T H E US'E O F COMPRESSED N A T U R A L G A S " I N
A MOTOR ' V E H I C L E MAY BE S A F E R T H A N THE USE OF G A S O L I N E . ' C U R R E N T
R E S E A R C H A N D T E C H N O L O G Y S U P P O R T T H E P O T E N T I A L , I F N O T A C T U A L ,
T R U T H O F T H A T S T A T E M E N T . T H E P R O B L E M LIES I N A C Q U A I N T I N G C O N C E R N E D
I N D I V I D U A L S W I T H T H E A V A I L A B L E I N F O R M A T I O N F O R P L A N T A N D VEHICLE
C O N S I D E R A T I O N S . T W O SPECIFIC A R E A S O F FIRE S A F E T Y A R E C O N S I D E R E D
I N THIS P A P E R - T H E V E H I C L E A N D T H E P L A N T F I L L I N G O P E R A T I O N .
A L T H O U G H T H E E M P H A S I S H E R E I S O N C O M P R E S S E D N A T U R A L G A S , T H E B U L K
OF THE D I S C U S S I O N IS D I R E C T L Y A P P L I C A B L E TO L N G - F U E L E D V E H I C L E S AS
H E L L .
- P E R T I N E N T F I G U R E S -
FIG. 1 A U T O M O B I L E C O M P R E S S E D N A T U R A L G A S S Y S T E M , P A G E 1 1
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
R O L L I N S B U R D I C K H U N T E R C O M P A N Y
J O U R N A L E R C C E E D I N G S -
F I R E J . VOL 66, NO. 6 , 11-5 ( N O V 1972)
O T H E R I N F O R M A T I O N -
0005 P A G E S , 0001 F I G U R E S , 0000 T A B L E S , 0003 R E F E R E N C E S
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keys 2 1 6 6 2 th rough 21665
F R A C T U R E M E C H A N I C S I N T H E DESIGN O F L A R G E S P H E R I C A L T A N K S
FOR SKIP T R A N S P O R T OF LNG
by
T E N G E , P .
SOLLI , 0.
00/00/73
S E C U R I T Y CLASS A C C E S S L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Untestr icted U n l i m i t e d S u m m a r y Good/Excel.
-ABSTRACT-
IT IS THE O B J E C T OF THIS P A P E R TO D E S C R I B E THE C O N S E Q U E N C E S OF THE
L E A K - B E F O R E - F A I L U R E C R I T E R I O N I N T H E C O N S T R U C T I O N O F L N G T A N K S
W I T H R E S P E C T T O M A T E R I A L A N D D E S I G N R E Q U I R E M E N T S . T H E
I N V E S T I G A T I O N IS R E L A T E D TO THE D E V E L O P M E N T OF THE LNG C A R R I E R S OF
M O S S - R O S E N B E R G D E S I G N FCR D I F F E R E N T C A R G O C A P A C I T I E S UP TO 125 ,000
H ( 3 ) , F R A C T U R E M E C H A N I C S T E S T I N G A N D A N A L Y S I S , A S W E L L A S D E T A I L E D
STRESS A N A L Y S I S H A V E B E E N I N V O L V E D . T H E E X P E R I M E N T A L I N V E S T I G A T I O N
O F BOTH 9 P E R C E N T NI-STEEL A N D A L U M I N U M A L L O Y 5083-0, R E G A R D I N G
F A T I G U E C R A C K C O N F I G U R A T I O N , P R O P A G A T I O N RA.TE A N D C R I T I C A L " C R A C K
SIZES,' HAS D E M O N S T R A T E D T H A T THE REQUIREMENTS ' . . I M P O S E D . BY THE
L E A K - B E F O R E - F A I L U R E C R I T E R I O N A R E C O N T A I N E D . A CLOSE A G R E E M E N T
B E T W E E N T H E F R A C T U R E M E C H A N I C S A N A L Y S I S A N D T H E TEST RESULTS H A S
B E E N OBTAINED.
- P E R T I N E N T FIGURES-
FIG. 1 87 ,600 M (3 ) LNG SHIP W I T H M O S S - R O S E N B E R G D E S I G N T A N K S ( U N D E R
C O N S T R U C T I O N ) , P A G E 11//FIG.2 M O S S - R O S E N B E R G S E L F - S U P P O R T I N G L N G
T A N K , P A G E 12//FIG.3 C R O S S - S E C T I O N O F E Q U A T O R I A L R I N G O F
M O S S - R O S E N B E R G L N G T A N K , P A G E 1 3
- B I B L I O G R A P H Y -
K V A H S D A L , R. , K A M S T A D , H. , B O G N A E S , R. AND F R A N K , H. J. , THE
DESIGN OF AN 88000 M ( 3 ) L N G - C A R R I E R WITH SPHERICAL CARGO T A N K S AND
S M A L L L E A K PROTECTION S Y S T E M , E U R O P E A N S H I P B U I L D I N G NO. 5
( 1 9 7 0 ) / / H A N S E N , Ff. R. , S O M E ASPECTS C O N C E R N I N G THE DESIGN OF
LNG-CARRIERS, DET NORSKE VERITAS, I N F O R M A T I O N NO. 10 (NOV
1972)//TENGE, P. AND SOLLI, 0., 9 P E R C E N T N I C K E L STEEL IN L A R G E
SPHERICAL T A N K S FOR M O S S - R O S E N B E R G 87,600 M (3) LNG C A R R I E R ,
E U R O P E A N SHIPBUILDING NO. 1 ( 1972) / /NELSON, F. G. , K A U F M A N , J. G.
AND W A N D E R E R , E. T. , TEAR TESTS OF 5083 PLATE AND OF 5183 WELDS IN
5083 PLATE AND E X T R U S I O N S , C R Y O G E N I C E N G I N E E R I N G CONF. IN LOS
ANGELES, CALIF . (1969)// K A U F M A N , J. G. , N E L S O N , F. G. AND
H Y G O N I K , R. H. , M E C H A N I C A L PROPERTIES AND F R A C T U R E CHARACTERISTICS
99
OF 5083-0 PRODUCTS AND 5183 W E L D S IN 5083 PRODUCTS, ALCOA REPORT
NO. 9-72-11 (APR 1972) , (NOT R E L E A S E D FOR P U B L I C A T I O N )
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
N O E S K E V E R I T A S , OSLO.
J O U R N A L P R O C E E D I N G S -
N O R M . M A R I T . RES. VOL 1, NO. 2, 1-18 (1973)
OTHER I N F O R M A T I O N -
0018 PAGES, 0014 F I G U R E S , 0010 TABLES, 0017 R E F E R E N C E S
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Incremental Good/Excel.
-ABSTRACT-
BOILING HEAT FLUXES FOR LIQUID NITROGEN, LIQUID ETHANE, LIQUID
METHANE, AND LIQUEFIED NATURAL GAS ON WATER (LIQUID AND ICE) ,
MERCURY AND ETHYLENE GLYCOL WERE MEASURED. GRAPHICAL
REPRESENTATIONS OF THE EXPERIMENTAL RESULTS ARE GIVEN (ROILING
HEAT FLUX VS. TIME).
-PERTINENT FIGURES-
FIG. 5 -HEAT FLUXES FOR LIQUID. NITROGEN SPILLS//FIG. 7 HEAT FLUXES
FOR -SPILLS OF CONDENSED PIPELINE GAS ON WATER//FIG. 9 TEMPERATURE
PROFILE FOR SPILLS OF CONDENSED PIPELINE GAS . ON 0 DEGREES' C AND 5
DEGREES C WATER//FIG. i 1 HEAT FLUXES FOR LIQUID METHANE ON MERCURY




MASSACHUSETTS INST. OF TECH., CAMBRIDGE
REPORT NUMBER -
NATIONAL AUXILIARY PUBLICATIONS SERVICE REPT. NO. NAPS-01622
PUBLISHER -
CCM INFORMATION CORP., NEW YORK
OTHER INFORMATION -
0014 PAGES, 0009 FIGURES, 0000 TABLES, 0000 REFERENCES
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keys 21669 through 21670
CASE FOR I N E R T - G A S G E N E R A T O R S ON LNG T A N K E R S
by
R O O S , P. H.
04/00/74
S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y E7AL.
U/Unrestricted Unl imited S u m m a r y Good/Excel.
-ABSTRACT-
O N L N G A N D L P G C A R G O SHIPS, T H E T A N K S A N D T H E SPACES S U R R O U N D I N G
T H E M M U S T BE T O T A L L Y . I NERT 'ED. T H I S A R T I C L E D E S C R I B E S S M A L L I N E R T
G A S G E N E R A T O R S T H A T P R O D U C E A P U R E , - C L E A N M I X T U R E O F N I T R O G E N A N D
C A R B O N D I O X I D E I N L A R G E Q U A N T I T I E S .
- P E R T I N E N T F I G U R E S -
FIG. FLCB D I A G R A M OF SMIT N Y M E G A N I N E R T GAS G E N E R A T I N G S Y S T E M ,
P A G E 6 5 . . ' • • . .
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
SKIT N Y M E G E N C O R P . , W A L T H A M , M A S S .
J O U R N A L P R O C E E D I N G S -
B A R . . E N G . / L C G VCL 79, NO. 4, 64-6 + 152 ( A P R 1974}
O T H E R I N F O R M A T I O N -
















THIS A R T I C L E C O N C L U D E S THAT P R E S T R E S S E D L'NG P I P E L I N E S A R E E N T I R E L Y
F E A S I B L E U S I N G A V A I L A B L E M A T E R I A L S A N D DESIGNS T H A T A R E W I T H I N T H E
F R A M E W O R K O F E X I S T I N G T E C H N O L O G Y . S U C H P I P E L I N E S A R E D E T A I L E D ,
I N C L U D I N G A T T E N D A N T P R O B L E M S A N D S O L U T I O N S , T H E D E S I R A B I L I T Y O F
F U L L - S C A L E T E S T I N G , A N D A D E S C R I P T I O N O F A S S E M B L Y A N D I N S T A L L A T I O N
T E C H N I Q U E S .
- P E R T I N E N T F I G U R E S -
F I G . 1 - I N S U L A T E D C O N V E Y I N G PIPE, P A G E U92 / /F IG .2 I N T E R N A L L Y
I N S U L A T E D C A S I N G > PAGE 492/ /FIG.7 LI.NE A S S E M B L Y A N D P R E S T B E S S I N G ,
P A G E U97//FIG.9 C O M M O N P I P E W A Y A N D R A I L R O A D , ' P A G E 499//FIG.9
C O M M O N P I P E H A Y - A N D T R A M W A Y , P A G E 499//FIG. 1 0 C O M M O N P I P E W A Y A N D
R O A D W A Y , P A G E U 9 9
- B I B L I O G R A P H Y -
C O U L T E R , D . M. , C O C L - D C W N R E Q U I R E M E N T S FOR L O N G D I S T A N C E , H I G H
CAPACITY B U R I E D L N G P I P E L I N E S , P R O G R E S S I N R E F R I G E R A T I O N SCIENCE
AND T E C H N O L O G Y VOL 1, 335-41 (1 9 7 2 ) / / G A R D N E R , M. B. , P R E S T R E S S E D
P I P I N G S Y S T E M F A V O R E D F O R L N G T R A N S P O R T , O I L G A S J . , 179-82 ( A P R
1968) / /HOOVER, T. E . , T E C H N I C A L F E A S I B I L I T Y AND COST OF LNG
PIPELINES, LNG-2 P A P E R S ( 1970) / /TRIPL E P IPELINE PRESTRESSED TO
C A B R Y L I Q U E F I E D G A S U N D E R W A T E R , E N G I N E E R I N G N E W S - R E C O R D (DEC
1 9 6 6 ) / / V E E R L I N G , C. ». N. , A S U B M A R I N E O F F S H O R E U N L O A D I N G LINE FOR
L N G , L N G - 3 P A P E R S , SESSION II , P A P E R 8 (1972)
- S O U R C E I N F O R M A T I C N -
ROSELLE P A R K , N. J.
C O R P O R A T E SOURCE -
G A R D N E R ( M . B . ) CO., I N C ,
J O U R N A L PROCEEDINGS -
TRANSP. E N G . J . VOL 100, NO. TE-2, U89-504 ( M A Y 1974)
A T ASCE N A T I O N A L T R A N S P O R T A T I O N E N G I N E E R I N G M E E T I N G ,
O K L A . , JUL 9-12, 1973)
(PRES.
T U L S A ,
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keys 20967 through 20970
U.S. COAST G U A H D REGULATIONS AND IHCO R E C O M M E N D A T I O N S FOR
L N G TANKERS
by
D I C K E Y , T . R .
L U C K R I T Z , B . T .
00/00/7U
S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS ENTRY EVAL,
U/Unrestticted Unlimited Summary Good/Excel.
-ABSTRACT-
AS THE TITLE IMPLIES, THIS PAPER DISCOSES U.S. COAST G U A R D
R E G U L A T I O N S A N D I N T E R - G O V E R N M E N T A L M A R I T I M E C O N S U L T A T I V E
O R G A N I Z A T I O N (IMCO) R E C O M M E N D A T I O N S FOR LNG T A N K E R S . AT THE
REQUEST OF THE COAST G U A R D , IMCO ESTABLISHED A SUBCOMMITTEE ON
SHIP DESIGN AND EQUIPMENT U N D E R W H O S E AUSPICES AN AD HOC W O R K I N G
G R O U P U N D E R U.S. C H A I R M A N S H I P HAS CREATED TO, A M O N G OTHER THINGS,
DEVELOP AN ' I N T E R N A T I O N A L CODE FOR THE CONSTRUCTION AND E Q U I P M E N T
OF SHIPS C A R R Y I N G LIQUEFIED G A S E S IN B U L K . CERTAIN ASPECTS OF THIS
CODE ARE G I V E N HERE - THE GOV E R N I N G - PR EMISE BEHIND ITS D E V E L O P M E N T
B E I N G T O ENSURE T H A T " A N Y G A S C A R R I E R BUILT A N Y W H E R E I N T H E W O R L D
W O U L D MEET S T A N D A R D S ACCEPTABLE TO ALL OF THE M A J O R SHIPPING
C O U N T R I E S .
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E SOURCE -
COAST G U A R D , W A S H I N G T O N , D .C .
J O U R N A L P R O C E E D I N G S -
A M E R I C A N GAS A S S O C I A T I O N O P E R A T I N G SECTION PROC. , D-168 -
D-171 (1974) (PHOC. OF DISTRIBUTION C O N F . , M I N N E A P O L I S ,
K I N H . , MAY 6-8, 1974. P A P E R 74-D-37)
P U B L I S H E R -
A M E R I C A N G A S A S S O C I A T I O N , A R L I N G T O N , V A .
O T H E R I N F O R M A T I O N -
0004 P A G E S , 0000 F I G U R E S , 0000 T A B L E S , 0000 R E F E R E N C E S
104
key 21722
J A P A N E S E L N G T A N K - B U I L D E R S S E E K C H E A P E R A N D - FASTER





S E C U R I T Y C L A S S A C C E S S L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestr ic ted O n l i f f i t e d S u m m a r y Good/Excel.
- A B S T R A C T -
A S J A P A N S I N F L O W O F R E F R I G E R A T E D G A S F R O f « A L L O V E R T H E W O R L D
G R O W S , THE P R O B L E M OF STORING IT M U L T I P L I E S . IN O R D E R TO F A B R I C A T E
A B O V E G R C U N D A N D I N G R C U N D C O N T A I N E R S . C H E A P E R A N D F A S T E R , J A P A N E S E
C O H P A N I E S A R E L O O K I N G A T N E W M A T E R I A L S , W E L D I N G M E T H O D S , A N D
B U I L D I N G I D E A S - D I S C U S S E D IN T H I S A R T I C L E .
- P E R T I N E N T F I G U R E S -
FIG*! ROOF A I R - R A I S I N G M E T H O D , P A G E 70//FIG.2 T A N K A I R - L I F T I N G
M E T H O D , P A G E 70 „ '
- S O U R C E I N F O R M A T I O N -
C O R P O B A T E S O U R C E -
I S H I K A W A J I M ' A - H A R I M A H E A V Y I N D U S T R I E S C O . L T D . , T O K Y G ( J A P A N )
J O U R N A L P R O C E E D I N G S -
P E T R O L . P E T R O C H E M . I N T . VOL 13, NO. 9 , 68-71 (SEP 1973)
O T H E R I N F O R M A T I O N -
0004 P A G E S , 0002 F I G U R E S , 0000 T A B L E S , 0000 R E F E R E N C E S
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keys 21725 through 21727
PIPELINE ACCIDENT R E P O R T - E Q U I T A B L E GAS CO,, N A T U R A L GAS
DISTRIBUTION SYSTEM, P ITTSBURGH, PA. , NOV 17., 1971
-ABSTRACT-
ON N O V E M B E R 17, 1971, W H I L E IN THE PROCESS OF R E V A M P I N G A
R E G U L A T O R S T A T I O N , EMPLOYEES OF THE E Q U I T A B L E GAS C O M P A N Y W E R E
ATTEMPTING TO R E P L A C E A V A L V E ON THE LOW-PRESSURE SIDE OF A
R E G U L A T O R IN A V A U L T WITHOUT FIRST S T O P P I N G THE F L O W OF GAS. TWO
M E N W O R K I N G I N T H E V A U L T W E R E O V E R C O M E B Y G A S L E A K I N G INTO T H E
V A U L T . F O U E O T H E R S ALSO W E R E O V E R C O M E A T T E M P T I N G T O R E S C U E T H E
FIRST T W O . A L L S I X M E N DIED O F A S P H Y X I A T I O N . T H R E E OTHER M E N ALSO
HERE I N J U R E D . T H E N A T I O N A L T R A N S P O R T A T I O N S A F E T Y B O A R D D E T E R M I N E S
T H A T T H E P R O B A B L E C A U S E O F D E A T H B Y A S P H Y X I A T I O N O F T H E FIRST T W O
M E N W A S T H E I N H A L A T I O N O F N A T U R A L G A S R E L E A S E D INTO T H E V A U L T I N
W H I C H T H E Y W E R E W O R K I N G , W H E N A N A T T E M P T W A S M A D E T C C H A N G E A
V A L V E I N T H E V A U L T W I T H O U T FIRST S T O P P I N G T H E F L O W O F G A S . FOUR
OTHER W O R K M E N ALSO DIED O F A S P H Y X I A T I O N WHILE T H E Y W E R E A T T E M P T I N G
TO R E S C U E THE FIRST TWO. C O N T R I B U T I N G TO .THE A C C I D E N T W E R E THE
LACK OF (1) USE BY ANY OF THE W O R K M E N OF R E S P I R A T O R S , AIR BLOWERS,
O H V A P O E DETECTORS, ( 2 ) A N Y W R I T T E N P R O C E D U R E S F O R A C C O M P L I S H I N G
T H E R E G U L A T O R S T A T I O N R E V A M P I N G . , . A N D ( 3 ) P R O P E R P E R S O N N E L
T R A I N I N G .
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W H I C H H A V E B E E N F O U N D I N U N D E R G R O U N D S T R U C T U R E S , P A G E 2 0
-SOUSCE I N F O B M A T I O N -
C O R P O R A T E S O U R C E -
N A T I O N A L T R A N S P O R T A T I O N S A F E T Y B O A R D , W A S H I N G T O N , D .C .
R E P O R T N U M B E R -
NTSB-PAR-72-2/ /FB-211000
O T H E R . I N F O R M A T I O N -
0029 P A G E S , 0005 F I G U R E S , 0 0 0 2 T A B L E S , 0000 R E F E R E N C E S
106
key 21732
S T U D Y O F COSTS O F f R O D U C T I O N A N D P O T E N T I A L F U T U R E M A R K E T S
F O R ( P H A S E I ) L O W B T U I N D U S T R I A L F U E L G A S ( P R O D U C E R G A S )
A N D ( P H A S E I I ) I N D U S T R I A L H Y D R O G E N F I N A L R E P O R T
by
N E L S O N , H . W .
L A Y N 5 , H . M .
H E I N , G . M .
01/20/66
S E C U R I T Y CLASS ACCESS L E V E L R E P O R T C L A S S E N T R Y E V A L .
U/Unres t r ic ted NTTS S u m m a r y Acceptable
- A B S T R A C T -
COST A N D M A R K E T I N F O R M A T I O N R E L A T E D T O I N D U S T R I A L H Y D R O G E N W E R E
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A RECENT JOINT FEDERAL AGENCY STUDY ESTIMATES THAT 70 LNG TANKERS
WILL BE BUILT IN THE NEXT TEN YEARS, ACCORDING TO THE FEB 22, 1972
LONDON TIHES. THESE HILL DELIVER ABOUT 7 BILLION CUBIC FEET A
DAY, MOST OF IT TO THE U.S.A. AS AMERICAN GAS COMPANIES GAIN
MARINE EXPERIENCE, THIS AUTHOR IS CONFIDENT THAT THEY HILL
RECOGNIZE THE ADVANTAGES OF U.S.-FLAG INTEGRATED OCEAN TUG BARGE
UNITS FOR LNG TRANSPORTATION. SOME ARGUMENTS FOR SUCH UNITS ABE
PRESENTED IN THIS PAPER.
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AS A S U P P L E M E N T A L S O U R C E OF N A T U R A L GAS TO THE U N I T E D STATES AND
AS A M E A N S OF M E E T I N G W I N T E R P E A K D E M A N D S . T'HIS P A P E R R E V I E W S THE
STATE-OF-THE-ART OF TRUCK, RAIL, AND B A R G E TRANSPORT OF LNG AND
S U M M A R I Z E S THE R E L A T I V E COSTS AND I N V E S T M E N T R E Q U I R E M E N T S OF EACH
M E T H O D .
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-ABSTRACT-
LNG PIPELINES H A V E I N H E R E N T A D V A N T A G E S FOR THE T R A N S H I S S I O N OF
N A T U R A L GAS IN LARGE VOLUMES OVER LONG DISTANCES. THE AUTHOR
DESCRIBES THESE A D V A N T A G E S IN T E R M S OF THE M A J O R P A R A M E T E R S OF
P I P E L I N E DESIGN. C O H P A R I S O M S WITH V A P O R PHASE PIPELINES ARE
PRESENTED WITH EMPHASIS ON THE T R A N S M I S S I O N OF 3BSCFD F R O M THE
ARCTIC. THE PAPER INDICATES THAT LNG PIPELINES ARE TECHNICALLY
FEASIBLE USING EXISTING TECHNOLOGY, A N D C O M P A R E V E R Y F A V O R A B L Y
W I T H THEIR VAPOR P H A S E C O U N T E R P A R T S IN E C O N O M Y , RELIABILITY OF
OPERATION, AND ADAPTABILITY TO E N V I R O N M E N T A L EFFECTS.
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REQUIRED PIPE WALL THICKNESS, PAGE 3//FIG.6 R E Q U I R E D PIPE W A L L
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- A B S T R A C T -
TH2 P R E D I C T I O N OF V A P O B . T R A V E L ' D O H N H I N D ' FROM A SPILL OF LIQUEFIED
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LNG I N T O H.VIER, D E P T . OF I N T E R I O R , B U R E A U OF M I N E S , REPORT
S U P P O R T I N G I N V E S T I G A T I O N KIPE KG. . Z-70099-9-12395, (SEP
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I N V E S T I G A T I O N S I N T O T H E C H A R A C T E R I S T I C S O F L N G SPILLS O N W A T E R ,
R B A D I H G ? t R D V A P O R D I S P E R S I O N , SHELL R E S E A R C H , LTD. ,
A P 1 / / D U 3 G K S S , D . S . , M U R P H Y , J . N . A N D Z A B E T A K I S , M . C . ,
THE SPILLAGE 0? LIQUEFIED N A T U R A L GAS ON
O F I N T E R I O R , B U R E A U O F M I N E S , W A S H I N G T O N
R E V I E W OF F I L M BOILING AT C R Y O G E N I C
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- A B S T R A C T -
THIS I N V E S T I G A T I O N H A S I N D I C A T E D T H A T K A T E R I A L S O F C O N S T R U C T I O N
EXIST SUCH T H A T T R A N S M I S S I O N OF LNG . O V E R C O N S I D E R A B L E DISTANCE
APPEARS TO BE T E C H N I C A L L Y FEASIBLE. CHIEF A M O N G THE PIPE MATERIALS
ARE THE A L U K I N U M ALLOYS (E .G . , 5U56-0, 5083-0, 6061-T6, 7039- T6,
E T C « ) » STAINLESS-STEEL (E .G . , TYPE 3 OM , AND H I G H NICKEL CONTENT
STEELS (E.G. , 9 PERCENT N I C K E L S T E E L ) . W H I L E IT HAS BEEN POSSIBLE
TO M A K E THIS E V A L U A T I O N ON THE BASIS OF A V A I L A B L E STRENGTH AND
T O U G H N E S S D A T A P U B L I S H E D IN THE L I T E R A T U R E , IT HAS B E E N NOTED THAT
A D D I T I O N A L W O R K . W I L L BE R E Q U I R E D TO OBTAIN, FOR THE, C A N D I D A T E
M A T E R I A L S , SPECIFIC P H Y S I C A L A N D M E C H A N I C A L P R O P E R T Y D A T A
C O N S I D E R E D SORE D I R E C T L Y APPLICABLE TO AN LNG PIPE L I N E
E N V I R O N M E N T . ALSO, O T H E R M A T E R I A L S MAY BE CONSIDERED IF R E S E A R C H
D E M O N S T R A T E S T H A T THE SPEED OF A P R O P A G A T I N G F R A C T U R E IS
S U F F I C I E N T L Y B E L O W T H E D E C O M P R E S S I O N V E L O C I T Y O F L N G A N D T H E
R E S I S T A N C E TO F R A C T U R E I N I T I A T I O N IS S U F F I C I E N T L Y HIGH.'
- S O U R C E I N F O R M A T I O N - '
C O E P O E A T E S O U R C E -
BATTELL.E M E M O R I A L INST. , C O L U M B U S , OHIO
J O U R N A L P R O C E E D I N G S -
•PIPS L I K E I N D . nSf-8)
O T H E R I N F O R M A T I O N -
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-ABSTRACT-
THIS REPORT P R E S E N T S THE R E S U L T S OF A R E S E A R C H P R O G R A M C A R R I E D ODT
BY ESSO RESEARCH AND E N G I N E E R I N G C O M P A N Y E N T I T L E D SPILLS OF LNG ON
WATER - V A P O R I Z A T I O N AND D O W N W I N D DRIFT OF COMBUSTIBLE M I X T U R E S .
T H E W O R K W A S C A R R I E D O U T U N D E R C O N T R A C T W I T H T H E A M E R I C A N .
P E T R O L E U M INSTITUTE A N D U N D E R T H E DIRECTION O F T H E L N G R E S E A R C H
STEERING GROUP OF THE API . E A R L Y W O R K BY THE B U R E A U OF MINES
SHORED THAT A L A R G E LNG SPILL M I G H T PRODUCE F L A M M A B L E
CONCENTRATIONS E X T E N D I N G A LONG WAY D O W N W I N D . THE B U R E A U OF MINES
W O R K WAS DONE ON A V E R Y S M A L L SCALE, H O W E V E R , SO THAT V E R Y
L O N G - R A N G E EXTRAPOLATION HAS R E Q U I R E D IN A P P L Y I N G THE DATA TO
POTENTIAL I N D U S T R I A L ACCIDENTS. A N A L Y S I S SHOWED S E V E R A L
SIGNIFICANT QUESTIONS A R I S I N G F R O M SUCH AN EXTRAPOLATION, E.G.,
WILL THE EFFECT OF HIGH D E N S I T Y V A P O R DIFFER IN A L A R G E SPILL,
C O M P A R E D W I T H A S M A L L SPILL. THIS W O R K W A S U N D E R T A K E N P R I M A R I L Y T O
OBTAIN D A T A ON L A R G E R S C A L E SPILLS IN O R D E R TO D E M O N S T R A T E SIZE
EFFECTS AND P E R M I T MORE R E L I A B L E E X T R A P O L A T I O N . A S E C O N D A R Y
OBJECTIVE OF THE P R O G R A M WAS TO OBTAIN D O W N W I N D DISPERSION D A T A
CHARACTERISTIC OF A M A R I N E E N V I R O N M E N T - T H A T IS, U N D E R
A T M O S P H E R I C ' M I X I N G CONDITIONS O V E R W A T E R . FOR THIS R E A S O N THE WORK
HAS CARRIED OUT ON A L A R G E BODY OF W A T E R ( M A T A G O R D A B A Y , T E X A S )
S E V E R A L MILES FROM THE NEAREST S I G N I F I C A N T L A N D MASS.
-PERTINENT FIGURES-
FIG.26 THCIKNESS OF LNG LAYEfl AS A F U N C T I O N OP POOL DIAHETEB, PAGE
53// FIG.28 M A X I M U M LNG VAPORIZATION RATE AS A FUNCTION OF SPILL
SIZE, PAGE 58// FIG.43 EFFECT OF STABILITY ON DISTANCE TO 1 LFL
FOR INSTANTANEOUS SPILLS IN 5 HPH HIND, PAGE 95//FIG.51 CALCULATED
niNIHUH SPILL SIZE FOR LNG V A P O R EXPLOSION, PAGE 111
-BIBLIOGHAPHY-
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HITH THE SPILLAGE OF LIQUEFIED N A T U R A L GAS ON WATER, U.S. DEPT. OF
THE INTERIOR, B U R E A U OF MINES, iASHINGTON (1 970)//ENGER, T. ,
EXPLOSIVE BOILING OF LIQUEFIED GASES ON H A T E R , CONFERENCE
PROCEEDINGS ON LNG IMPORTATION AND TERMINAL SAFETY, NATIONAL
A C A D E M Y OF SCI/ENG., COMMITTEE ON HAZARDOUS MATERIALS, BOSTON,
MASS. ( J U N 13-4, 1972)
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- A B S T R A C T -
THIS PAPER DESCRIBES T H E L N G S A F E T Y P R O G R A M , A M E R I C A N G A S
ASSOCIATION PROJECT IS-3-1, A N D T H E FOLLOW-ON P R O G R A M T O A N A L Y Z E
DISPERSION D A T A FROM LNG SPILLS O V E R L A N D AND SATES. PROJECT
SI-3-7. THE OBJECTIVE OF THE S A F E T Y P R O G R A M I N C L U D E D D E V E L O P M E N T
OF DATA AND METHODS FOR PREDICTION OF THE EXTENT OF H A Z A R D O U S
ZONES OF FLAMMABLE MIXTURES AND OF RADIATION FROM FIRES, AND ALSO
ACQUISITION OF D A T A ON M E T H O D S OF R E D U C T I O N OF THE H A Z A R D O U S
ZONES. LNG iAS S P I L L E D 1 QUICKLY INTO DIKES UP TO 80 FEET IN
DIAMETER. E X P E R I M E N T S I N C L U D E D (1) DISPERSION OF V A P O R CLOUDS, .(2)
RADIATION EFFECTS FROM FIRES, (3) O B S E R V A T I O N S OF CONTR-OL OF
DISPERSION, AND (4 ) C O N T R O L AND E X T I N G U I S H M E N T OF FIRES,
EXPERIMENTAL DETAILS ARE DISCUSSED AND RESULTS ARE PRESENTED.
A N A L Y T I C A L DISPERSION MODELS H E R E DEVELOPED WHOSE PREDICTIONS
AGREE R E A S O N A B L Y HELL WITH C O R R E L A T I O N S OF THE DISPERSION DATA,
T A K I N G INTO ACCOUNT THE O B S E R V E D P E A K - T O - A V E R A G E RATIOS. E X A M P L E S
OF PREDICTIONS OP EXTENT OF H A Z A R D O U S PLUME ARE SHOWN. FLAME
RADIATION DATA H E R E O B T A I N E D AND C O R R E L A T E D BY A MODEL I N C L U D I N G
FACTORS FOR SOURCE STRENGTH, D I A M E T E R OF THE F L A M E , V I E W FACTOR,
AND ATMOSPHERIC TRANSMISS IVITY. E X A M P L E S OF PREDICTED R A D I A T I O - N
LEVELS VERSUS POOL SIZE, D I S T A N C E , H U M I D I T Y , A N D W I N D A R E S H O W N .
AFTER COMPLETION OF THE A. G. A. L A N D SPILL P R O G R A M AND THE
A.P.I.-ESSO WATER SPILL P R O G R A M , F U R T H E R A N A L Y S I S AND CORRELATION
OF ALL PUBLISHED D A T A ON DISPERSION OF LNG V A P O R S WAS SPONSORED BY
A . G . A . PEAK C O N C E N T R A T I O N S HERE EMPHASIZED. D A T A SERE CORRELATED
IN TERMS OF SEVERAL DIMENSIONLESS OR PARTLY DIMENSIONLESS G R O U P S ,
FOR INSTANTANEOUS L A N D AND H A T E R SPILLS AND FOR STEADY-STATE H A T E R
SPILLS. SOME OF THE DIFFICULTIES IN CORRELATING V A R I O U S KINDS OF
DATA ABE DISCUSSED, AND THE PROCEDURE EXPLAINED. EXAMPLES OF
CORRELATIONS IRE S H O W N AND CONCLUSIONS ARE DISCUSSED.
-PERTINENT FIGURES-
FIG. 1 CORRELATION OF PEAK M E T H A N E CONCENTRATIONS FOR INSTANTANEOUS
SPILLS, PAGE 6//FIG.2 CORRELATION OF P E A K M E T H A N E CONCENTRATIONS
FOR CONTINUOUS SPILLS, P A G E 8//FIG.3 N O R M A L I Z E D CONCENTRATION
TIMES W I N D VELOCITY VERSUS DISTANCE FOR INSTANTANEOUS SPILLS ON
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H A T E R , PAGE 9//FIG.5 PREDICTIONS OF M A X I M U M DISTANCES TO 5 PERCENT
PEAK M E T H A N E CONCENTRATIONS, P A G E 12//FIG.6 R A D I A N T FLUX ON TARGET
ORIENTED FOR H A X I M O M INTENSITY WITH NO WIND, PAGE 17//FIG.7 EFFECT
OF H I N D ON R A D I A N T FLUX ON TARGET ORIENTED FOR M A X I M U M INTENSITY,
PAGE 18
-BIBLIOGRAPHY-
LNG SAFETY P R O G R A M , PHASE I - POTENTIAL LNG SPILLS, REPORT BY
BATTELLE C O L U M B U S LABORATORIES TO THE A M E R I C A N GAS ASSOCIATION,
FEB 25, 1971//A REPORT ON LNG SAFETY R E S E A R C H , V O L U M E S I , II , AND
III, REPORT BY A R T H U R D. LITTLE, INC. TO THE A M E R I C A N GAS
ASSOCIATION, JAN 31, 1971//LNG SAFETY P R O G R A M , I N T E R I M REPORT OF
P H A S E II WORK, F INAL REPORT TO THE A M E R I C A N GAS ASSOCIATION OR
PROJECT IS-3-1 F R O M B A T T E L L E C O L U M B U S L A B O R A T O R I E S , A . G . A .
C A T A L O G NO. M 19874, JUL 1, 1 974//GIDEON, D. N. , P U T N A M , A. A. AND
D U F F Y , A. H. , C O M P A R I S O N OF DISPERSION FROM LNG SPILLS O V E R L A N D AND
W A T E R , R E P O R T TO THE A M E R I C A N GAS A S S O C I A T I O N ON PROJECT SI-3-7
F R O M B A T T E L L E C O L U M B U S L A B O R A T O R I E S , SEP 4 , 1974//AN E X P E R I M E N T A L
S T U D Y ON THE M I T I G A T I O N OF F L A M M A B L E V A P O R DISPERSION AND FIRE
H A Z A R D S I M M E D I A T E L Y FOLLOWING LNG SPILLS ON L A N D , REPORT TO THE
A M E R I C A N GAS ASSOCIATION BY U N I V E R S I T Y E N G I N E E R S , INC. , FEB 1974
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E N T R Y E V f t L .
Good/Excel.
-ABSTRACT-
WtTR A B R O A D B A C K G R O U N D IN C R Y O G E N I C T E C H N O L O G Y , ESPECIALLY
C R Y O G E N I C FUEL S T O R A G E , B E E C H A I R C R A F T C O R P O R A T I O N U N D E R T O O K A
P R O G R A M T O DEVELOP STORAGE C O N T A I N E R S F O R C R Y O G E N I C FUELS O N HOTOR
VEHICLES. E X T E N S I V E D A T A H A S A L R E A D Y A V A I L A B L E F O R POLLUTION
L E V E L S A N D C O M B U S T I O N E N G I N E P E R F O R M A N C E WITH T H E S E FUELS. S T O R A G E
C O N T A I N E R AND FLOW S Y S T E M D E V E L O P M E N T FOR FLEET VEHICLE
APPLICATION HAS E M P H A S I Z E D . NO-LOSS S T O R A G E FOR UP TO TWO W E E K S
LOCK-UP TIME WAS D E M O N S T R A T E D W I T H LNG. A SELF-PRESSURIZING F L O W
CONTROL SYSTEM P R O V I D E D V A P O R OR
D E P E N D I N G ON T A N K PRESSURE. S E V E R A L
I M P R O V E M E N T HERE IDENTIFIED D U R I N G
P R O G R A M . A PROTOTYPE LNG C O N T A I N E R
L I Q U I D FEED TO THE E N G I N E ,
A R E A S FOR SYSTEM AND C O M P O N E N T
A. ONE-YEAR FIELD D E M O N S T R A T I O N
WAS UTILISED TO D E M O N S T R A T E
T H A T C O N T A I N E R S
ACHIEVE SAFE AND
A H D SYSTEMS F O R L H ( 2 )
EFFICIENT OPERATION.
F U E L E D VEHICLES COULD
-PERTINENT FIGURES-
FIG. 1 FLOW SYSTEM S C H E M A T I C , P A G E 7//FIG.2 CLOSE-UP PROTOTYPE
P L U M B I N G ASSEflBLY, P A G E 8//FIG.3 BEECH T A N K IN LH (2 ) FUELED
A U T O M O B I L E , PAGE 10
-BIBLIOGRAPHY-
CALIFORNIA AIR RESOURCES B O A R D , AIR RESOURCES L A B O R A T O R Y , LOS
ANGELES, CA, FEB 1969, PROJECT M175 - EMISSION TEST OF SAN DIEGO
LNG PDEL SISTEH// G E N E R A L SERVICES A D M I N I S T R A T I O N , 1971, A REPORT
08 THE GSAS DUAL-FUEL VEHICLE E X P E R I M E N T - POLLUTION REDXJCTIOH
WITH COST SAVINGS, (U.S. G O V E R N M E N T PRINTING OFFICE, STOCK NO.
2205-0002) / /MCJOHES,R.W. AND CORBEIL,R. J. , N A T U R A L GAS FUELED
VEHICLES EXHAUST EMISSIONS AND OPERATIONAL CHARACTERISTICS,
SOCIETY OF AUTOMOTIVE E N G I N E E R S , 1970// BURHAY.,H. G. AHD
SCHOEPPEL,H.J. , EMISSION AHD P E R F O R M A N C E CHARACTERISTICS OF AN
AIR-BREATHING HYDROGEN - FUELED I N T E R N A L COMBUSTION ENGINE, SAE
719009, 1971//FIHEGOLD,J.G., ET AL., THE UCLA HYDROGEN CAB,
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-ABSTRACT-
T K I S P;- ;?E?; B R I E F L Y DESCRIBES O P E R A T I N G E X P E R I E N C E S OF THE BOSTON
iiiS C O M P A N Y - L N G T E R M I N A L A T C O M M E R C I A L P O I N T , MASS. A N D
a E C O M i i E i v D A T I O N S P E R T A I N I N G TO SAFE O P E R A T I O N OF LNG FACILITIES
D E E I V E D F R O M T H O S E E X P E R I E N C E S .
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RADIATION FROM FLAMES OF BUHNING LNG HAS BEEN MEASURED AND
COMPARED WITH THAT FROM EARLIER WORK (BUREAU OF MINES), THE
LARGEST BEING FROM A POOL 20 FEET BY 20 FEET. THE PRESENT TESTS
AFFORDED THE OPPORTUNITY TO MEASURE RADIATION HEAT FLUX FROM MUCH
LABGER FLAMES, WITH AN LNG CONSUMPTION RATE OF TEN TO TWENTY TIMES
THE LARGEST REPORTED BUREAU OF MINES TEST. THE DATA FROM THESE
LAHGE FIRES ARE SUMMARIZED IN THIS REPORT.
. •'• -PERTINENT F1GURES-
TAB.2'LNG BORN PIT RADIATION MEASUREMENTS, PAGE 1 12//FIG. 1 PLOT
PLAH BUBN PIT AREA, PAGE 113//FIG.4 HEAT FLUX RECEIVED VS DISTANCE
FBOM FLAHE CENTER HITH PARAMETER OF FIRE SIZE, PAGE 116//FIG.5
DISTANCE FROM CONTAINMENT OF BURNING LNG POOL TO RECEIVE SPECIFIED
HEAT FLUX, PAGE 11M
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ASSOCIATED WITH LIQUEFIED NATURAL GAS, U.S. DEPARTMENT OF
INTERIOR, BUREAU OF MINES, REPORT NO. RI-6099 (1962)
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-ABSTRACT-
THE G R E A T A M O U N T OF INTEREST S H O W N IN THE C O N S T R U C T I O N OF LNG
C f i K R I E R S O F L A T E , B O T H I N THIS C O U N T R Y A N D A B R O A D , H A S B R O U G H T
A B O U T A VAST P R O L I F E R A T I O N OF PAPERS ON ALL PHASES OF THE SUBJECT
- SOME V E R Y USEFUL A N D I M P O R T A N T , OTHERS Q U I T E C L E A R L Y M E R E L Y
SALES I N S T R U M E N T S . THIS A U T H O R , TOGETHER W I T H MR. A. H.
S C H K E N D T N E R , A T T E M P T E D TO P R E S E N T THE STATE OF THE ART OF LNG
CA8P1ER DESIGN AS OBJECTIVELY AS POSSIBLE IN A PAPER PRESENTED
B E F O R E THE SOCIETY OF N A V A L ARCHITECTS AND M A R I N E E N G I N E E R S IN
N O V E M B E R 1971. THE C U R R E N T PAPER D R A W S H E A V I L Y U P O N PORTIONS OF
THE N O V E M B E R 1971 W O R K IN O R D E R TO P R E S E N T B R I E F DESCRIPTIONS OF
THE - C U R R E N - T L Y AVAILABLE COMPETITIVE DESIGNS WHICH, IT IS FELT,
W I L L BE THE BASIS OF THE LNG CARRIER FLEET TO BE BUILT OVER THE
N E X T ' F E W Y E A R S . N O T I N C L U D E D A R E S E V E R A L TECHNICALLY I N T E R E S T I N G
D E S I G N S RHICR MAY NOT YET BE R E A D Y FOR C O M M E R C I A L EXPLOITATION AND
S S 7 E S A L OTHERS WHICH H A V E B E E N USED IN THE PAST BUT ARE NOT
C l i i i B E t e T L Y B E I N G C O N S I D E R E D . O M I S S I O N OF THESE DESIGNS, UPON W H I C H ,
IN S O K B . C A S E S , A G R E A T D E A L OF E N G I N E E R I N G AND DEVELOPMENT HAS
Lir;i:;s >i- . :cG.KPLlSfiEL>, HAS BEEN D O N E SOLELY IN THE I N T E R E S T OF E C O N O M Y
OF T. IEK- A U D - S P A C E , AND NOT B E C A U S E THEY ARE TO BE C O N S I D E R E D LESS
I Km: 75371 KG OR A C C E P T A B L E T H A N THE OTHERS. THOSE D E S I G N S DESCRIBED
U B K £ .£!>£ T H E C O N C H P R I S M A T I C F R E E - S T A N D I N G T A N K , T H E G A Z - T R A N S P O R T
I K V A R K E J 1 B R A N E T A N K , T H E T E C H N I G A Z STAINLESS STEEL M E M B R A N E T A N K ,
A K D T H E K V A E R . N E R - f l O S S S P H E R I C A L F R E E - S T A N D I N G T A N K . O P E R A T I N G
E X P E D I E N C E S A R E ALSO DISCUSSED.
- - - • -SO'JSCE I N F O R M A T I O N -
C O K l ' O R A T E SOUHCE -
H E N R Y (J.J. } CO., IKC. , Q U I N C Y , M A S S .
H e P O R T N U M B E R -
A D - 7 5 U 3 2 6
u O U H K A L P R O C E E D I N G S -
LNG I M P O R T A T I O N AND T E R M I N A L S A F E T Y C O N F . , 153 & 155-66,
(PROC. OF) B O S T O N , M A S S . , JUN 13-U, 1972
O T l i f c R I N F O R M A T I O N -
0013 P A G E S , 0000 FIGURES, 0000 TABLES, 0000 REFERENCES
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SECURITY CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y EVAL.
U/Unrestricted Unlimited Suminary Good/Excel.
- A B S T R A C T -
A BALSA BLOCK FOOTING SYSTEM S U P P O R T I N G THE I N N E R W A L L OF V E R Y
L A R G E , CYLINDRICAL, DOUBLE- W ALLED C R Y O G E N I C STORAGE T A N K S IS
A N A L Y Z E D F O R G E O M E T R I C S T A B I L I T Y W I T H R E S P E C T T O E X C E N T H I C
M O V E M E N T S O F T H E I N N E R C O N T A I N E R . A V A R I A B L E D I S T R I B U T I O N F U N C T I O N
IS E M P L O Y E D TO M O D E L THE POSSIBLE N O N U N I F O S M DISTRIBUTION OF
FRICTION FORCES W H I C H M A Y R E S U L T I N E X C E N T R I C D I S P L A C E M E N T S O F T H E
I N N E R T A N K D U R I N G COOL-DOWN A N D W A R M - U P , O R I N R E S P O N S E T O V A R Y I N G
I N V E N T O R Y LEVELS. THE D E G R E E OF N O N U N I F O R M I T Y OF F R I C T I O N COULD BE
MODELED AT WILL OVER THE FULL R A N G E OF POSSIBILITIES. IT WAS F O U N D
THAT, FOR ANY DEGREE OF N O N U N I F O R M I T Y , THE E X C E N T R I C DISPLACEMENTS
DID NOT EXCEED AN ASYMPTOTIC .LIMIT OF A B O U T . 2 P E R C E N T OF THE
N O R M A L L Y OCCURING C I R C U L A R - S Y M M E T R I C DISPLACEMENTS. THE ASSOCIATED
ELASTIC S H E A R DID NOT EXCEED TWICE THE DESIGN A V E R A G E SHEAR
LOADING, EVEN IN THE WORST CASE. REPEATED C Y C L I N G WAS POUND TO
H A V E NO C U H M U L A T I V E EFFECTS. IN THE E X A M P L E OF AN ACTUAL
STRUCTURE, IT WAS FOUND T H A T IN THE WORST P R A C T I C A L CASE, THE
DESIGN FACTORS OF SAFETY R E M A I N E D WITHIN ACCEPTABLE BOUNDS. IT WAS
CONCLUDED THAT THE DESCRIBED B A L S A BLOCK F O U N D A T I O N S Y S T E M WAS
GEOMETRICALLY S T A B L E A N D COULD T H E R E F O R E B E R E G A R D E D A S
STRUCTURALLY R E L I A B L E .
- P E R T I N E N T FIGURES-
FIG.1 900,000 BARREL L N G T A N K S H E A S B A R A R R A N G E M E N T (SCHEMATIC) ,
P A G E 3// FIG. 2 P L A N V I E W (SCH EM A TIC) OF DOUBLE W A L L C Y L I N D R I C A L
T A N K , SHOWING DISPLACEMENTS AND C O O R D I N A T E S , PAGE 5
-BIBLIOGRAPHY-
STILES,H.E. , 900,000 - BAHREL LNG T A N K S ARE DESIGNED FOR SAFETY,
PIPE LINE INDUSTRY 39 (4) , 25-26, (OCT 1973)//P AND GJ STAFF
HEPOBT, WORLDS LARGEST LNG STORAGE TANKS U N D E R CONSTRUCTION,
PIPELINE AND GAS JOURNAL VOL 199, (11) , 62, 64 (SEP
1972)//GOLDBEHG,E. AND S A L T Z ,E .X . , LNG T E R M I N A L IS DESIGNED FOR




CABOT (GODFREY L. ) , INC., BOSTON, HASS.
J O U R N A L PROCEEDINGS -
CRYOGENIC MATERIALS I N T E R N A T I O N A L CONF., (PRES. AT) KINGSTON,
ONTARIO, JUL 22-5, 1975. PAPER B-1
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THE C O N V E R S I O N OF VEHICLES TO USE LIQUEFIED N A T U R A L GAS AS A FUEL
W A S U N D E R T A K E N I N T H E FORM O F V A R I O U S PILOT P R O G R A M S I N T H E L A T E
1960S. SINCE T H E S E E A R L Y EFFORTS, U S I N G C R Y O G E N I C T E C H N O L O G Y
D E V E L O P E D D U R I N G . THE SPACE P R O G R A M S , A SERIES OF I N N O V A T I O N S AND
R E F I N E M E N T S H A S T A K E N PLACE. T H E L N G P O W E R E D V E H I C L E I S N O W A
PRACTICAL M E A N S O F R E D U C I N G A I R P O L L U T I O N , E X T E N D I N G E N G I N E LIFE
AND USING AN A L T E R N A T E FUEL AS G A S O L I N E PRICES R I S E . THIS P A P E R
HEVIEHS THE DEVELOPMENTAL PROCESS WHICH HAS T A K E N PLACE, DESCRIBES
C U H R E N T STATE-OF-THE-ABT FOR THE LNG C O N V E R S I O N SYSTEM AS HELL AS
THE VEHICLE FUELING STATION, AND PRESENTS AUTO EMISSIONS TEST
RESULTS A N D LOOKS A T . F U T U R E L N G A V A I L A B I L I T Y . T H E L N G P O W E R E D .
VEHICLE IS PLACED IN PERSPECTIVE " F O R FLEET OPERATIONS ' W H I L E
CONCLUDING THAT AS A LOW EMISSION A L T E R N A T E TO G A S O L I N E , LNG HA S A
DEFINITE PLACE AS AS AUTOMOTIVE FUEL.
- P E R T I N E N T F I G U R E S -
FIG.8-6 E L E C T R I C A L / M E C H A N I C A L
MODIFICATION, PAGE 102
S C H E M A T I C DUAL FUEL S Y S T E M
-SOURCE I N F O R M A T I O N -
CORPORATE SOURCE -
KAISER B R E N C A R , EL CAJON, CALIF.
J O D f i N A L PROCEEDINGS -
APPLICATIONS OF C R Y O G E N I C T E C H N O L O G Y VOL 6, 94-109 (1974)
(PROC. OF CBYO/73, LOS A N G E L E S , CALIF. , OCT 2-4, 1973)
PUBLISHER -
SCHOLIUM INTERNATIONAL I N C . , F L U S H I N G , N. Y.
OTHER I N F O R H A T I O N -
0016 PAGES, 0008 FIGURES, 0000 TABLES, 0000 REFERENCES
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E N T R Y EVAL.
Good/Excel.
-ABSTRACT-
A HEW C O N T A I N M E N T S Y S T E M FOE THE LNG C A R R I E R HAS B E E N D E V E L O P E D BY
I HI ( I S H I K A H A J I M A - H A R I M A H E A V Y IND. , CO., L T D . ) . IT IS A H Y B R I D OF
T H E SELF-STANDING S Y S T E M A N D T H E M E M B R A N E SYSTEM I N V O L V I N G T H E
M E R I T S OF THE TWO SYSTEMS. THE S Y S T E M IS DEVELOPED TO A T T A I N HIGH
R E L I A B I L I T Y TO A S S U R E HIGHEST O P E R A T I O N A L PERFORMANCE. THE P R I M A R Y
B A R R I E R , M A D E OF A L U M I N U M A L L O Y , HAS A V E R Y SIMPLE, R E C T A N G U L A R ,
P R I S M A T I C C O N S T R U C T I O N WITH FLAT WHEELS AND C U R V E D C O R N E R S TO
A B S O R B C O N T R A C T I O N . THE H I G H RELIABILITY OF THE P R I M A R Y BARRIER
A L L O W S A R E D U C E D S E C O N D A R Y B A R R I E R . THE M A T E R I A L S OF INSULATION
ARE PLASTIC FOA.M AND THE S E C O N D A R Y B A R R I E R IS PLYWOOD.
FIG.3-1 C U T A W A Y OF A
& B E A N G E K E N T , P A G E 4 5
- P E R T I N E N T FIGURES-
T Y P I C A L L N G T A N K , P A G E 43//FIG.3-2 G E N E R A L
-SOUSCE I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
I S H I K A W A J I H A - H A R I M A H E A V Y I N D U S T R I E S CO., LTD. , J A P A N
J O U R N A L P R O C E E D I N G S -
-APPLICATIONS O.F C R Y O G E N I C T E C H N O L O G Y VOL 6, 35-U6 (1974)
(PROC. OF CRYO/73 , LOS A N G E L E S , CALIF. , OCT 2-4, 1973)
P U B L I S H E R -
S C H O L I U M I N T E R N A T I O N A L I N C . , F L U S H I N G , N . Y .
O T H E R I N F O R M A T I O N -
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FINAL E N V I R O N M E N T A L I M P A C T S T A T E M E N T FOB THE CONSTRUCTION
A N D O P E R A T I O N O F A N L N G IMPORT T E R M I N A L A T P R O V I D E N C E ,
R H O D E I S L A N D . E N V I R O N M E N T A L I M P A C T O F T H E PROPOSED ACTION.
A N A L Y S I S OF PUBLIC S A F E T Y SECTION 3j, 3-18 - 3-61 (A UG 1974)
- A B S T R A C T -
T H E R E IS AS YET NOT MUCH D I R E C T E X P E R I E N C E WITH THE E X T E N T OF
H A Z A R D S T O T H E PUBLIC FROM T H E T Y P E O F L N G IMPORT T E R M I N A L S I M I L A R
TO THE PROPOSED A L G O N Q U I N L N G , INC. P R O V I D E N C E FACILITY. H O W E V E R ,
T H E R E IS A BASE OF E X P E R I M E N T S WITH LNG SPILLS, W E L L - F O U N D E D
A N A L Y T I C A L T E C H N I Q U E S , A N D C O N S I D E R A B L E E X P E R I E N C E W I T H T H E
T R A N S P O R T AND STORAGE OF OTHEB F L A M M A B L E FLUIDS. FOR THIS SAFETY
A N A L Y S I S , O P E R A T I O N S ARE C O N S I D E R E D IN FOUH P H A S E S . (1 ) AT SEA
T R A N S P O R T , ( 2 ) H A R B O R T R A N S P O R T A N D D O C K I N G , ( 3 ) U N L O A D I N G , A N D
(4) STORAGE AND R E G A S I F I C A T I O N . THIS SECTION OF THE F I N A L
E N V I R O N M E N T A L IMPACT STATEMENT E X A M I N E S . 1. THE T Y P E OF ACCIDENTS
THAT CAN OCCUR. 2 . B E H A V I O R OF LNG W H E N R E L E A S E D , BOTH AS A SINGLE
M A S S I V E SPILL AND AS L O N G - T E R M S O U R C E . 3 . THE POSSIBLE
C O N S E Q U E N C E S OF LNG RELEASES. 4 . THE R E L A T I V E D E G R E E S OF R I S K ,
BASED ON THE F E D E R A L P O W E R C O M M I S S I O N STAFFS PROFESSIONAL
J U D G M E N T , ASSOCIATED W I T H T H E V A R I O U S CLASSES O F A C C I D E N T S .
- P E R T I N E N T FIGURES-




FEDERAL POWER COMMISSION, WASHINGTON, D.C..
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FINAL ENVIRONMENTAL IMPACT STATEMENT FOR THE CONSTRUCTION
AND OPERATION OF AN LNG IMPORT TERMINAL AT PROVIDENCE,
RHODE ISLAND. MEASURES TO ENHANCE THE ENVIRONMENT OR TO
AVOID OR MITIGATE ADVERSE ENVIRONMENTAL EFFECTS SECTION 4,
4-1 - 4-19 (AUG 1974}
-ABSTRACT-
THIS SECTION OF THE FINAL ENVIRONMENTAL IMPACT STATEMENT FOR THE
PEOPOSED ALGONQUIN LNG, INC. PROVIDENCE, R.I. MARINE TERMINAL
DISCUSSES SAFETY MEASURES INCORPORATED IN THE FACILITY TO PROTECT
THE ENVIRONMENT, THE COMMUNITY, AND THE TERMINAL PERSONNEL IN THE
SHIPPING AND UNLOADING OF LNG.
-PERTINENT FIGURES-
FIG. 21 ALGONQUIN LNG FIRE PROTECTION PLOT PLAN, PAGE 4-15
-SOURCE INFORMATION-
COBPORATE SOURCE -
' FEDERAL POWER COMMISSION, WASHINGTON, D C.
OTHEK INFORMATION - .
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FINAL E N V I R O N M E N T A L IMPACT STATEMENT FOR THE CONSTRUCTION
AND OPERATION OF AN LNG IMPOST T E R M I N A L AT P R O V I D E N C E ,
RHODE ISLAND. A T T A C H M E N T 1. EXPECTED B E H A V I O R OF AN LNG
R E L E A S E U N D E R SPECIFIED C O N D I T I O N S
- A B S T R A C T -
THE ESCAPE OF LNG I N T O THE A T M O S P H E R E HAS B E E N I N V E S T I G A T E D U N D E R
TWO SETS OF C O N D I T I O N S . (1) 100,000 M (3) SPILLED ON W A T E R
I N S T A N T A N E O U S L Y FROM T H E V I O L E N T A N D C O M P L E T E R U P T U R E O F A N L N G
T A N K E R , AND (2) THE LID OF A 900 ,000 BBL STORAGE T A N K IS R E M O V E D
ACCIDENTALLY A L L O W I N G THE LNG TO E V A P O R A T E SLOWLY. FOR EACH CASE,
THE SIZE OF THESE SPILLS AND THS T I M E R E Q U I R E D FOR THE VAPOR' TO
R E A C H THE 5 P E R C E N T F L A M M A B I L I T Y LIMIT HAS B E E N D E T E R M I N E D FOR
S E V E R A L W I N D A N D W E A T H E R CONDITIONS.
- P E R T I N E N T FIGURES-
T A B . 1 DISTANCE TO F L A M M A B I L I T Y LIMIT , P A G E 17//TAB.4 DISTANCE TO
F L A M M A B I L I T Y LIMIT, P A G E 24//FIG.5 V A P O R P L U M E P R O M L N G T A N K U N D E R
5 MPH W I N D S , PAGE 25//FIG.6 V A P O R P L U M E FROM LNG T A N K U N D E R 70 MPH
HINDS, P A G E 25//FIG.7 LNG T A N K BOILOFF U N D E B C A L M W I N D S , PAGE 26
.. ~ BIBLIOGRAPHY- «
A M E R I C A N PETROLEUM INSTITUTE', ESSO R E S E A R C H AND E N G I N E E R I N G
C O M P A N Y , REPORT NO. EE61E-72, SPILLS OF LNG ON W A T E R -
VAPORIZATION AND D O W N W I N D DRIFT OF COMBUSTIBLE M I X T U R E S , MAY 24,
1972. REVISIONS NOV 24, 1972. ( R E F E R E N C E 2 IN OUR
STUDY)/ /BURGESS,D. , BIORDI,J. AND M U R P H Y , J . , ' H A Z A R D S OF SPILLAGE
OF LNG INTO W A T E R , U.S . D E P A R T M E N T OF INTERIOR - B U R E A U OF M I N E S ,
SEP 1972, INVEST. M I P R NO. Z-70099-12395/ /BURGESS,D. , M U R P H Y , J .
AND Z A B E T A K I S , M . G. , H A Z A R D S ASSOCIATED W I T H SPILLAGE OF LIQUEFIED
N A T U R A L GAS ON W A T E R , U.S. D E P A R T M E N T OF I N T E R I O R - B U R E A U OF
M I N E S , I N T E R I O R L I B R A R Y C A T E G O R Y TN 23 .U7 NO.
7488-622.06173//BURGESS,D . AND Z A B E T A K I S , M.G. , FIRE AND EXPLOSION
H A Z A R D S ASSOCIATED W I T H L I Q U E F I E D N A T U R A L GAS, 1962, INTERIOR
L I B R A R Y CATEGORY TN 23 .U7 NO. 6099-622.06173/ /FAY,J .A. AND
M A C K E N Z I E , J . J. , COLD CARGO, E N V I R O N M E N T VOL 14, MO. 9, NOV 1972//
H A N N A , S . R . , A SIMPLE METHOD OF C A L C U L A T I N G DISPERSION FROM U R B A N
AREA SOUBCES, J O U R N A L OF THE AIR POLLUTION CONTROL ASSOCIATION,
DEC 1971, VOL 21, NOL 12, 774-777
-SOURCE I N F O H M A T I O N -
COBPORATE SOOBCE -
FEDERAL POWEH COMMISSION, W A S H I N G T O N , D.C.
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FINAL E N V I R O N M E N T A L I M P A C T STATEMENT FOR THE CONSTRUCTION
AND OPERATION OF AN LNG IMPOST T E R M I N A L AT PROVIDENCE,
R H O D E ISLAND, A T T A C H M E N T 3. B A R G E PLUME ANALYSIS
-ABSTRACT-
IN A T T A C H M E N T 1 OF THIS REPORT THE CHARACTERISTICS OF THE V A P O R
CLOUD FROM AN LNG SPILL FROM THE M A S S I V E R U P T U R E OF ALL THE T A N K S
OF AN LNG SHIP W E R E I N V E S T I G A T E D . THE SPILL SIZE HAS T A K E N TO BE
100,000 M ( 3 ) WHICH IS THE APPROXIMATE A M O U N T C A R R I E D BY THE
P R O P O S E D G E N E R A L D Y N A M I C S SHIPS. THIS SHIP AND OTHERS OF ITS CLASS
K A Y SERVE T H E PROPOSED S T A I E N ISLAND, N E W YORK A N D P R O V I D E N C E ,
R H O D E I S L A N D L N G IMPORT T E R M I N A L S . T H E S T A T E N I S L A N D S T O R A G E
T E R M I N A L (2 T A N K S , 900,000 BBL EACH) H A Y , IN T O R N , S E R V E THE
B R O O K L Y N U N I O N G A S C O M P A N Y T E R M I N A L A T G R E E N P O I N T , B R O O K L Y N , A N D
T H E C O N S O L I D A T E D EDISON ELECTRIC G E N E R A T I N G P L A N T A T A S T O R I A ,
Q U E E R S , N E W Y O R K . THESE P L A N T S M A Y RECEIVE L N G F R O M S T A T E N I S L A N D
B Y L N G B A R G E T R A N S F E R V I A T H E S O U T H E R N PORTION O F T H E N E B Y O R K - N E i
J E R S E Y C H A N N E L , ' T H E UPPER B A Y , A N D T H E EAST RIVER. T H E L N G B A R G E
HAS U T A N K S THAT HOLD A TOTAL OF 5,000 M ( 3 ) OF L N G , WHICH IS U
P E R C E N T OF THE C A P A C I T Y OF THE BEN F R A N K L I N (125,000 M ( 3 ) ) . THE
B A R G E M A N H A T T A N IS 297 FEET L O N G , 60 FEET WIDE, W I T H A DRAFT OF 16
FEET W H E N L O A D E D . IN THIS A T T A C H M E N T A SPILL OF 5,000 M (3) OF LNG
OK W A T E R IS ' I N V E S T I G A T E D , WHICH IS C H A R A C T E R I S T I C OF A M A S S I V E
R U P T U R E OF ALL T A N K S A B R O A D THE B A R G E M A N H A T T A N . THIS IS THE W O R S T
CASE SPILL FOR THIS B A R G E . THE C A L C U L A T I O N S ARE BASED ON THE
T R E A T M E N T P R E S E N T E D IN A T T A C H M E N T 1.
- P E R T I N E N T FIGURES-
T/ .B» 1 D I S T A N C E OF F L A M M A B I L I T Y L I M I T , P A G E 3
- S O U R C E I N F O R M A T I O N -
C O a P G R A T S SOURCE -
F E D E R A L P O W E R C O M M I S S I O N , W A S H I N G T O N , D.C.
O T H E R I N F O R M A T I O N -
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FINAL ENVIRONMENTAL IHPACT STATEMENT FOR THE CONSTHDCTION
AND OPERATION OF AN LN3 IMPORT TERMINAL AT PROVIDENCE,
RHODE ISLAND. APPENDIX A. GENERAL AND SPECIFIC REQUIREMENTS
FOR LNG/LPG OPERATIONS
-ABSTRACT-
THIS SECTION (APPENDIX) OF THE FINAL ENVIRONMENTAL IMPACT
STATEMENT FOR THE ALGONQIUM LNG PROVIDENCE, R.I. IMPORT TERMINAL
PRESENTS BOTH GENERAL AND SPECIFIC REQUIREMENTS FOR LNG/LPG
OPERATIONS ON THE WATERWAY OVER WHICH THE TANKESS WILL MOVE AND AT
THE TERMINAL ITSELF. THE PRESENTATION IS BRIEF - ONLY FOUR PAGES.
-SOURCE INFORMA-TION-
CORPORATE SOURCE -
FEDERAL POWER COMMISSION, WASHINGTON, D. C.
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FINAL ENVIRONMENTAL IMPACT STATEMENT FOR THE CONSTRUCTION
AND OPERATION OF AN LNG IMPORT TERMINAL AT PROVIDENCE,
RHODE ISLAND. APPENDIX 2. ANALYSIS OF ALGONQUIN GAS
TRANSMISSION CO. STORAGE FACILITY FOR ACCEPTING VARIOUS LNG
MIXTURES
-ABSTRACT^-
THE LNG T E R M I N A L B E I N G C O N S T R U C T E D AT P R O V I D E N C E , R.I., BY
A L G O N Q U I N GAS T R A N S M I S S I O N CO. WILL CONSIST OF ONE OR M O R E 600,000
B B L L N G STORAGE T A N K S A N D ASSOCIATED R E V A P O R I Z A T I O N FACILITIES.
THE SUPPLY FOR THE TERMINAL MAY COME FROM A V A R I E T Y OF SOURCES,
AND MAY BE B R O U G H T IN BY T R U C K , B A R G E OR T A N K E R . B E C A U S E LNG IS A
J S I K T f l S E O F H Y D R O C A R B O N S , LIQUIDS O B T A I N E D F R O M D I F F E R E N T SOURCES
ivILL D I F F E R I N C O M P O S I T I O N A N D , C O N S E Q U E N T L Y , I N D E N S I T Y A N D
T E M F K S J t T U S E o IF TWO OR M O R E D E N S I T Y - S T R A T I F I E D L A Y E R S OF LNG OCCUR
IK A S T O R A G E T A N K ( D U E TO L O A D I N G A LIGHT LNG ON TOP OF A H E A V I E R
LNG M I X T U a E 08 VICE V E R S A ) , T H E R E IS THE POSSIBILITY OF A D E L A Y E D
IU.PID M I X I N G OF THE LAYERS AFTER HEAT AND MASS T R A N S F E R EFFECTS IN
THE STORAGE T A N K E Q U A L I Z E L A Y E R DENSITIES OR I N I T I A T E BOILING IN
T H E LOWF.H L A Y E R . THIS RAPID M I X I N G C A N G E N E R A T E L A R G E Q U A N T I T I E S
OF V A P O R AT V E R Y HIGR R A T E S . ALTHOUGH THE P H E N O M E N A INVOLVES A
SIXIt-;G PROCESS, THE W O R D ROLLOVER HAS BEEN C O M M O N L Y USED TO
D E S C R I B E THE C A U S E O F * S U D D E N .RELEASES OF L A R G E Q U A N T I T I E S OF VAPOR
FS'OM LNG S T O R A G E T A N K S . IH THIS REPORT, N O R M A L CONNECTIVE M I X I N G
FIRST IS E X A M I N E D IN A H O M O G E N E O U S LNG FILLED T A N K (SECTION III).
I N SSCT10H I V V A P O R H A N D L I N G CAPACITY R E Q U I R E M E N T S A R E C O N S I D E R E D
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-ABSTRACT-
T H R E E CHAPTERS OF THIS BOOK ARE DEVOTED TO THE STORAGE AND
T R A N S P O R T A T I O N OF N A T U R A L G A S , LPG AND L N G . T A K E N IN ITS E N T I R E T Y ,
THE BOOK PROVIDES A V E R Y C O M P R E H E N S I V E STUDY OF ALL ASPECTS OF THE
FOSSIL FUEL N A T U R A L GAS.
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-ABSTRACT-
THIS PAPER B R I E F L Y D E S C R I B E S THE D E S I G N OF THE DISTSIGAS LNG
M A R I N E T E R M I N A L S A T E V E R E T T , MASS. A N D S T A T E N I S L A N D , N . Y .
DISCUSSED A R E G E N E R A L C R I T E R I A F O R M A R I N E T E R M I N A L S , INCLUDING A
N U M B E R OF SAFETY C O N S I D E R A T I O N S FOR SUCH FACILITIES.
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LNG T E R M I N A L CHARACTERISTICS, PAGE 2OU//FIG.1 LNG B A R G E SCHEMATIC,
PAGE 205//FIG.3 DISTRIGAS L N G S T O R A G E T A N K , EVERETT, P A G E
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-ABSTRACT-
PHASE II W O R K OF THE LNG SAFETY P R O G R A M SPONSORED BY THE A M E R I C A N
GAS ASSOCIATION WAS O R G A N I Z E D TO T A K E A D V A N T A G E OF EXPERTISE IN
L H G A N D C R Y O G E N I C T E C H N O L O G Y I N S E V E R A L O R G A N I Z A T I O N S . BATTELLES
C O L U M B U S L A B O R A T O R I E S WAS CHOSEN TO C O O R D I N A T E THE PROJECT
R E S E A R C H TEAM, WHICH CONSISTED OF RESEARCH PERSONNEL FROM
U N I V E R S I T Y E N G I N E E R S , A R T H U R D. LITTLE, BATTELLES C O L U M B U S
LABORATORIES, TRH SYSTEMS, I N C . , MIT, AND POLYTECHNIC INSTITUTE OF
NEW Y O R K . THE P R O G R A M HAS P L A N N E D TO OBTAIN SPECIFIC RESULTS IN
FOUR A R E A S . 1. I M P R O V E M E N T OF PREDICTION OF V A P O R DISPERSION
H A Z A R D . 2 . E V A L U A T I O N OF DISPERSION H A Z A R D R E D U C T I O N T E C H N I Q U E S .
3, I M P R O V E M E N T OF PREDICTION OF R A D I A T I O N H A Z A R D . «. ' E V A L U A T I O N OF
R A D I A T I O N H A Z A R D R E D U C T I O N TECHNIQUES. TO A C H I E V E THE SPECIFIC
OBJECTIVES IN THESE A R E A S AND THE O V E R A L L OBJECTIVE OF THE
PROJECT, THE TOTAL EFFORT WAS DIVIDED INTO TASK E L E M E N T S , THE T A S K
E L E M E N T S W E R E THE BASIS OF THE A S S I G N E D W O R K SCOPE FOR THE M E M B E R S
OF THE R E S E A R C H T E A M . W O R K MAS S T A R T E D ON THE SITE AND THE
I N S T R U R E H T A T I O N IN A U G U S T 1971, E X P E R I M E N T S W E R E C O M P L E T E D IN
J A N U A R Y 1973, AND A FINAL REPORT ON THE P H A S E I I P R O G R A M WAS
D E L I V E R E D TO THE A . G . A . ON N O V E M B E E 15, 1973. THIS PAPER
S U M M A R I Z E S PART OF THIS W O R K .
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-ABSTRACT-
U N D E R THE SPONSORSHIP OF THE A M E R I C A N GAS ASSOCIATION, A SERIES OF
FIRE CONTROL, FIRE E X T I N G D I S H M E N T , AND VAPOR DISPERSION TESTS W E R E
CONDUCTED U N D E R THE HIGH BOIL-OFF RATES WHICH OCCUR IMMEDIATELY
F O L L O W I N G AN LNG SPILL ON L A N D . CORRELATIONS OF THE RESULTS
PROVIDE FIRE CONTROL AND E X T I N G U I S H M E N T TIMES WITH DRY CHEMICAL
A G E N T S AND HIGH E X P A N S I O N F O A M S . THE M A G N I T U D E OF THE REDUCTION
I.S D O W N W I N D C O N C E N T R A T I O N S OF M E T H A N E VAPORS BY THE; APPLICATION OF
HIGH' EXPANSION FOAM ON THE SPILL WAS ALSO DETERMINED.
- P E R T I N E N T FIGURES-
FIG.6 EFFECTS OF F O A M E X P A N S I O N R A T I O AND FOAM B R A N D S ON THE
S E D U C T I O N ' S IN D O W N W I N D HEAT F L U X LEVELS, P A G E D-197//FIG.7 EFFECTS
O F F O A K A P P L I C A T I O N R A T E , F O A M E X P A N S I O N RATIO A N D L N G B U R N R A T E
OK SPILL FIRE C O N T R O L TIME, P A G E D-197//FIG.9 C O R R E L A T I O N OF
S O D I U M B I C A R B O N A T E D R Y C H E M I C A L A P P L I C A T I O N RATE A N D L N G L I N E A R
B U R N I N G HATE EFFECTS U P O N THE E X T I N G U I S H I N G TIME FOR LNG SPILL
FIRES, P A G E D-198//FIG.10 C O R R E L A T I O N OF POTASSIUM B I C A R B O N A T E DRY
C H E M I C A L A P P L I C A T I O N R A T E A N D L N G L I N E A R B U R N I N G R A T E EFFECTS U P O N
THE ' 'EXTINGUISHING TIME FOR LNG SPILL FIRES, P A G E D-198//FIG. 1 1
C O R R E L A T I O N OF U RE A-POT ASS IUrt B I C A R B O N A T E DRY CHEMICAL APPLICATION
p . A T E S K ' D L N G L I N E A R B U H N I N G R A T E EFFECTS U P O N T H E FIRE
E X T I N G U I S H I N G T I M E S FOR LNG SPILL FIRES, PAGE D-199//FIG . 12
C O R R E L A T I O N O F L I N E A R B U R N I N G R A T E EFFECTS U P O N T H E M I N I M U M D R Y
C H E M I C A L APPLICATION RATES R E Q U I R E D FOR FIRE E X T I N G U I S H M E N T , PAGE
0-199
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FINA.OL REPORT (197U)
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- A B S T R A C T -
TKE P U R G I N G OF LNG T A N K S IN AND OUT OF SERVICE REQUIRES
E X P E R I E N C E , K N O W L E D G E A N D I N V O L V E S M A N Y C O N S I D E R A T I O N S .
P R E D I C T A B L E RESULTS IN P U R G I N G O P E R A T I O N S ARE OF GREAT IMPORTANCE
TO OPERATORS AND O W N E R S OF LNG FACILITIES. TO DATE, ON A
W O R L D - H I D E BASIS, OVER 100 LNG TANKS H A V E BEEN PLACED INTO
. O P E R A T I O N S A F E L Y , P R O V I D I N G BROAD E X P E R I E N C E U N D E R A WIDE V A R I E T Y
OF C O N D I T I O N S . ALSO, TO D A T E , A " N U M B E R OF LNG T A N K S HAVE "BEEN
. P U R G E D OUT OF S E R V I C E SO T H A T REPAIRS OR MODIFICATIONS COULD BE
SAFELY U N D E R T A K E N . TO ASSIST IN D E V E L O P I N G - S A F E PROCEDURES FOR
T A K I N G LNG T A N K S OUT OF SERVICE, THE CHICAGO BRIDGE AND I R O N
C O M P A N Y HAS C A R R I E D OUT A N U M B E R OF R E S E A R C H PROJECTS W H I C H MAY
S H E D S O M E LIGHT ON THE B E H A V I O R , U N D E R P U R G E C O N D I T I O N S , OF THE
t i A T S R I A L S U S E D I N T H E T A N K S . THIS W O R K I N C L U D E D I N V E S T I G A T I O N S O F
P ^ S L I T E - M E T H A N E B U R N I N G B E H A V I O R , DESORPTION O F M E T H A N E F R O M
K 1 K H . E A L BOOL, A D S O R P T I O N OF M E T H A N E ON PERLITE, D E S O R P T I O N OF
• M E T H A N E F R O M PERMITS W H E N P U R G E D W I T H N I T R O G E N A N D A METHOD F O R
C A L C U L A T I N G Q U A N T I T I E S O F P U R G E G A S R E Q U I R E D I N A N ACTUAL L N G
T A N K . E A C H ONE OF T H E S E I N V E S T I G A T I O N S COULD BE A S U B S T A N T I A L
R E P O R T BY ITSELF. H O W E V E R , FOR THE PURPOSE OF THIS P A P E R A BRIEF
OF THESE I N V E S T I G A T I O N S IS G I V E N .
- P E R T I N E N T FIGURES-
FIG. 2 LNG T A N K CROSS S E C T I O N OPEN TOP S U S P E N D E D DECK WITH P U R G E
F I T T I N G S , P A G E D-202//FIG.3 P U R G I N G I N N E R T A N K I N T O S E R V I C E
P E R C E N T O X Y G E N V 5 Q U A N T I T Y N I T R O G E N USED F O R P U R G E , P A G E
D-202/ /FIG.U P U R G I N G I N N E R T A N K I N T O S E R V I C E P E R C E N T O X Y G E N V S
Q U A N T I T Y N I T R O G E N U S E D FOR ?(J RGB, P A G E D-203// FIG. 5 P U R G I N G I N N E R
T A N K O U T O F S E R V I C E P E R C E N T M E T H A N E C H ( 4 ) V S Q U A N T I T Y N I T R O G E N
U S E D F O R P U R G E , P A G E D-203//FIG.6 P U R G I N G PERLITE A N N U L A R SPACES
OUT OF SERVICE, P A G E D-204//FIG.7 F I E L D DATA FROM P U R G I N G PERLITE
A N N U L A R SPACES INTO SERVICE, PAGE D-205
- S O U R C E I N F O R M A T I O N -
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A M E R I C A N GAS ASSOCIATION O P E R A T I N G SECTION P R O C . , D-200 -
D-207 (1974) ( P R O C . OF D I S T R I B U T I O N C O N F . , M I N N E A P O L I S ,
M I N N . , MAY 6-8, 1974. P A P E R 74-D-67)
PUBLISHER -
A M E R I C A N G A S ASSOCIATION, A R L I N G T O N , V A .
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U N I Q U E DESIGN FEATORES—PHILADELPHIA GAS WORKS LNG PLANTS
by
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00/00/7U
SECORITY CLASS ACCESS L E V E L REPORT CLASS E N T R Y EVAL.
0/Unrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
TBIS PAPER D E S C R I B E S T H E DESIGN F E A T U R E S A N D I N N O V A T I O N S
I N C O R P O R A T E D IN THE P H I L A D E L P H I A GAS W O R K S R I C H M O N D LNG PLANT.
( N A R R A T I V E DESCRIPTION IS C O M P L E M E N T E D BY EXTENSIVE PHOTOGRAPHIC
DETAIL R E C O R D I N G THE V A R I O U S PHASES OF CONSTRUCTION AS WELL AS THE
U N I Q U E DESIGN F E A T U R E S . ) IT IS VERY EVIDENT FROM THE CONTENT OF
THIS PAPER THAT CONSIDERABLE ATTENTION WAS G I V E N TO PLANT SAFETY
A N D H A Z A R D REDUCTION.
-PERTINENT FIGURES- .
F IG.1 MODEL OF TWO 583,000 BBL. LNG S T O R A G E T A N K S , PIPE TOHEE,
BRIDGES, O P E R A T I N G PLATFORMS, ETC., PAGE D-211//FIG.2 PARTIAL
SECTION OF LNG S T O R A G E T A N K , PAGE D-211//FIG.U ERECTION OF
PSESTRESSED C O N C R E T E P A N E L S . FOR O U T E R T A N K , PAGE D-211//FIG.18
P R E S S U R E A N D V A C U U M RELIEF V A L V E M A N I F O L D , V E R T I C A L D I S C H A R G E
P I P I N G A N D T E M P E R A T U R E SENSORS A T R E L I E F V A L V E OUTLETS, P A G E
0-214//FIG.39 SINGLE PLATE AND INLET AND OUTLET H E A D E R S OF AN LNG
V A P O R I S E R UNIT, EACH UNIT C O N T A I N S TEN PLATES, P A G E D-218//FIG.H1
LNG V A P O R I Z E R A S S E M B L Y IN H O U S I N G , P A G E D-219
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
P H I L A D E L P H I A GAS WORKS, PA.
J O U R N A L P R O C E E D I N G S -
A M E R I C A N GAS ASSOCIATION O P E R A T I N G SECTION PROC. , D-208 -
D-219 ( 1 9 7 U ) (PROC. OF DISTRIBUTION C O N F . , M I N N E A P O L I S ,
M I N N . , MAY 6-8, 1974. P A P E R 74-D-55)
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-ABSTBACT-
THIS PAPER DISCUSSES THE NATURE OP POTENTIAL FIRE HAZARDS IN AN
LNG FACILITY, THE EXPERIENCES GAINED TO DATE (1968) ON
EXTINGUISHMENT OF LNG FIRES, A METHOD OSED TO DETERMINE ACCEPTABLE
MINIMUS PERFORMANCE REQUIREMENTS, AND GENERALIZED RECOMMENDATIONS
REGARDING HEAT EXPOSURE CONTROL SYSTEMS. ITEMS TO BE CONSIDERED IN
LNG FACILITY DESIGN ARE LISTED. PLOTS ARE PRESENTED GIVING
COMPARISON OF THE TRENDS FOR LNG AND CONVENTIONAL HYDROCARBON
EXTINGUISHING FLOW RATES AND COMPARISON OF TEMPERATURES ATTAINED
BY AN OBJECT NEAR THE GROUND AND DOWNWARD FROM AN LNG FIRE UNDER
WIND. AND CALM AIR .CONDITIONS. PARAMETERS ASSOCIATED .WITH LNG
RADIATION HEAT TRANSFER ARE LISTED AS ARE PARAMETERS FOR THE
SELECTION OF CONTROL SYSTEM MODE OF FIRE DETECTION AND AREAS OF
SPECIAL CONSIDERATION IN FIRE PROTECTION ANALYSIS OF LNG PLANTS.
LAYOUTS OF FIRE PBOTECTION SYSTEMS FOR TYPICAL ABOVEGROUND AND
INGROUND STORAGE FACILITIES ARE PRESENTED.
-SOOHCE INFORMATION-
CORPORATE SOURCE -
UNIVERSITY ENGINEERS, IMC., NORMAN OKLA.//OKLAHOMA UNIV.,
NORMAN
JOURNAL PROCEEDINGS -
PIPE LINE IND. VOL 28, 39-42 (JUN 1968)
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-ABSTRACT-
THIS IS PART 2 OF A TWO-PAHT ARTICLE BY MR. W A L L S ' IN H H I C H RE
COVERS METHODS AND A G E N T S T H A T CAN BE USED TO CONTROL LNG SPILLS,
E X T I N G U I S H FIRES AND PROVIDE EXPOSURE PROTECTION AT LNG
FACILITIES. THE A R T I C L E IS HELL H H I T T E N , P R O V I D E S GOOD G E N E R A L
C O V E R A G E OF THE TOPIC AND HAS B E E N SELL RECEIVED - AS EVIDENCED BY
HIDE REFERENCING IN LATER PUBLICATIONS OF STATURE IN THE FIELD.
-BIBLIOGRAPHY-
•""
N F P A NO. 59A STANDARD//USE OF HATER ON LP-GAS SPILLS IS SHOWN IN
THE NFPA FILM H A N D L I N G LP-GAS E M E R G E N C I E S (NO. FL-5, 25 MINUTES,
COLOR, SOUND, 16MB, PRICE $175)
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-ABSTRACT-
THIS ARTICLE B R I E F L Y D E S C R I B E S THE L A R G E S T 0. S. LNG M A R I N E
T E R M I N A L , BEING BUILT O N S T A T E N I S L A N D , N E W Y O R K B Y T H E DISTRIGAS
OF NEW Y O R K C O R P O R A T I O N . IT W I L L R E C E I V E LNG F R O M A L G E R I A , STORE
I T F O R P E A K S H A V I N G S E R V I C E D U R I N G W I N T E R M O N T H S , A N D R E D I S T R I B U T E
AS LNG BY B A R G E OR TO H I G H P R E S S U R E GAS P I P E L I N E SYSTEMS. THO
900,000-BBL STORAGE T A N K S A R E U N D E R C O N S T R U C T I O N A N D SPACE H A S
BEEN PROVIDED FOR T H R E E M O R E . THE FACT THAT THIS VERY LARGE
T E R M I N A L IS LOCATED WITHIN A M E T R O P O L I T A N C O M M U N I T Y HAS LED TO THE
D E V E L O P M E N T OF SAFETY M E A S U R E S NOT P R E V I O U S L Y I N C O R P O R A T E D IN ANY
08E T E R M I N A L .
- P E R T I N E N T F I G U R E S - ' • '
FIG.1 LNG TERMINAL SITE PLAN, PAGE 44//FIG.2 TYPICAL CROSS-SECTION
OF 900,000-BBL LNG STORAGE T A N K , P A G E 44
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THIS ARTICLE PROVIDES AS E X C E L L E N T R E V I E W OF T O D A Y S STANDARDS
P E R T A I N I N G TO LNG FACILITIES TOGETHER W I T H A BRIEF HISTORY OF
S T A N D A R D W R I T I N G ACTIVITY O V E R THE PAST TWO DECADES, IN P A R T I C U L A R
FOLLOWING THE DEVELOPMENT OF NFPA NO. 59A STORAGE AND H A N D L I N G OF
LIQUEFIED N A T U R A L GAS. S E V E R A L SUGGESTIONS ARE BADE FOR THE
INCLUSION OF ADDITIONAL TOPICS IN FUTURE CODES.
-BIBLIOGRAPHY-
ANSI B31.3 CODE//API S T A N D A R D 620-APPENDIX Q//API S T A N D A R D
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-ABSTRACT-
T H E PURPOSE O F THIS T W O - D A Y C O N F E R E N C E H A S T O R E V I E W T H E C U R R E N T
STATE OF K N O W L E D G E OF LNG S A F E T Y . P A P E R S I N D E X E D FOR A S R D T ARE
E N G E R , T . , EXPLOSIVE B O I L I N G OF L I Q U E F I E D GASES ON
W A T E R / / S A R S T E N , J . A . , L N G S T R A T I F I C A T I O N A N D ROLLOVER//GEIST, J .M.
AND C H A T T E R J E E , N . , THE EFFECT OF S T R A T I F I C A T I O N ON BOIL-OFF R A T E S
I N L N G T A N K S / / W E S T , H . H . , W E L K E B , J . R . , A N D S L I E P C E V I C H , C . M . ,
R A D I A T I O N , HEAT F L U X , A N D O V E R P R E S S U R E I N L N G T A N K S / / H O U L T , D . P . ,
THE FIRE H A Z A R D OF LNG SPILLED ON WATER/ /MAY,» . G. AND MCQUEEN, W. ,
R A D I A T I O N F R O M L A R G E L N G FIRES/ /BURGESS,D.S . , S U M M A T I O N A N D
CRITIQUE OF TECHNICAL K N O W L E D G E FOR THE SAFE H A N D L I N G AND S H I P M E N T
OF- LNG/ /THOMAS,W. , LNG VESSEL DESIGN AND " O P E R A T I N G
E X P E R I E N C E / / H A N S E N , S . F . , THE. C O A S T ' G U A R D ROLE I N LNG/Ll»G
I M P O H T A T I O N / / B L E A K N E Y , R . A. , ' BOSTON GAS LNG T E R M I N A L
E X P E H I E N C E / / O A K L E Y , D . H . , D E S I G N AND O P E R A T I N G EXPERIENCE AT
DISTRIGAS LNG T E R M I N A L S / / L E V Y , H . M . , THE COVE . POINT
T E R M I N A L / / B O S N A K , R . J . , S U M M A R Y , QUESTIONS A N D A N S W E R S FOLLOWING
PRESENTATIONS BY MEMBERS OF P A N E L II//WALLS, H.L., L N G . A FIRE
S E R V I C E APPRAISAL P A R T 1 / /FPOOKS,R.C. , C O N C H M E T H A N E SERVICES L N G
EXPERIENCE.
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-ABSTRACT-
THIS REPORT COVERS A N I N C I D E N T W H E R E L N G H A S STRATIFIED I N A N L N G
S T O R A G E T A N K D U R I N G FILLING A N D H O W THAT STRATIFICATION
S U B S E Q U E N T L Y RESULTED IN A ROLLOVER OF THE T A N K C O N T E N T S AND THE
R E L E A S E OF A LARGE Q U A N T I T Y OF GAS. ON A U G U S T 21, 1971, LNG
STORAGE T A N K S-1 OF THE ESSO DESIGNED, SHAM LNG T E R M I N A L IN LA
SPEZIA, ITALY, EXPERIENCED A SUDDEN INCREASE IN PRESSURE CAUSING A
D I S C H A R G E FROM THE T A N K SAFETY VALVES AND T A N K V E N T . THE SAFETY
V A L V E S DISCHARGED FOR ABOUT ONE HOUR AND 15 M I N U T E S AND THE V E N T
R E L E A S E D AT HIGH R A T E S FOR A B O U T THREE HOURS AND 15 MINUTES. THE
P R E S S U R E ROSE TO ABOUT 710 .MM. OF H A T E R . AT ITS P.EAK WHICH IS 210.
MK. OF WATEK A B O V E THE N O M I N A L T A N K DESIGN PRESSURE OF 500 MM. .OF
W A T E R . THE P R E S S U R E RISE O C C U R R E D IN THE T A N K A B O U T 18 HOURS AFTER
IT WAS FILLED- BY THE LNG SHIP ESSO B R E G A . W H E N THE SAFETY V A L V E S
B E G A N T O DISCHARGE, PLANT M A N A G E M E N T I N F O R M E D T H E POLICE, FIRE,
A N D POET A U T H O R I T I E S H H O CLOSED V E H I C U L A R A N D P E R S O N N E L TRAFFIC O N
THE M A I N RO£D TO P O R T O V S N E 8 E AND R E M O V E D THE ESSO B R E G A F R O M THE
U N L O A D I N G DOCK. THE LNG P L A N T WAS NOT IN O P E R A T I O N AT TRE T I M E ,
H A V I N G 5EEK S H U T D O S N F O R E X C H A N G E R R E P A I R S . T H E O V E R P R E S S U R E O F
THE T A N K WAS SELF-INITIATED AND U N C O N T R O L L A B L E . IT WAS C A U S E D BY A
R O L L O V E R W I T H I N T H E T A N K O F BOTTOM STRATIFIED, HIGH VAPOR
P R E S S U R E , SHIPS C A R G O WHOSE N O R M A L V A P O R I Z A T I O N A T S T O R A G E T A N K
P R E S S U R E HAD B E E N T E M P O R A R I L Y S U P P R E S S E D BY THE STATIC P R E S S U R E OF
AS I f i lTI&L LOW V A P O R P R E S S U R E , HEEL. A R E P E T I T I O N W I L L BE-
P O S I T I V E L Y P R E V E N T E D BY THE INSTALLATION OF A JET M I X I N G N O Z Z L E
T H A T WILL T H O R O U G H L Y M I X O F F L O A D E D C A R G O W I T H D I F F E R E N T
COMPOSITION INITIAL T A N K HEELS.
- P E R T I N E N T FIGURES-
FIG. 1 S H A H L N G . T E R M I N A L STORAGE T A N K S , PAGE 33//FIG.3 LNG S T O R A G E
T A N K S - 1 L O A D I N G H I S T O R Y , S W A M L N G T E R M I N A L , P A G E 35//FIG.5 L N G
S T O R A G E T A N K S - 1 HEAT T R A N S F E R S U M M A R Y P R I O R T O R O L L O V E R , P A G E 3 7
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THE EFFECT OF STRATIFICATION ON BOIL-OFF RATES IN LNG TANKS
by
GEIST,J .H.
C H A T T E R J E E , N .
06/00/72
SECURITY CLASS ACCESS L E V E L REPORT CLASS E N T R Y EVAL.
U/Unrestricted NTIS Summary Good/Excel.
-ABSTRACT-
THE A D D I T I O N OF LNG TO A P A R T I A L L Y FILLED T A N K CONTAINING LIQUID
OF A D I F F E R E N T D E N S I T Y MAY L E A D TO THE T E M P O R A R Y F O R M A T I O N OF
STRATIFIED LAYERS. THE S U B S E Q U E N T M I X I N G OF THE STRATIFIED L A Y E R S
IS A C C O M P A N I E D BY I N C R E A S E S IN V A P O R I Z A T I O N RATES W H I C H USUALLY
ABE INSIGNIFICANT BUT WHICH SOMETIMES ARE IMPORTANT. THE PHYSICAL
P H E N O M E N A ASSOCIATED WITH A MIXING OF STRATIFIED LAYERS OF LNG
H A V E BEEN S I M U L A T E D ON A COMPUTER. THE CALCULATED TIMES TO REACH
PEAK VAPORIZATION R A T E S AGREE SATISFACTORILY W I T H THOSE WHICH H A V E
B E E N RECORDED FOR T H R E E DIFFERENT T A N K S . O P E R A T I N G CRITERIA H A V E
BEEN. DEVELOPED F R O M S I M U L A T I O N S OF- THE BEHAVIOR OF T A N K S FILLED
FBOM SHIPS, TRAILERS, AND L I Q U E F A C T I O N PLANTS FOR V A R I O U S FILL
RATES, L A Y E R HEIGHTS, A N D INITIAL DENSITY A N D T E M P E R A T U R E
DIFFERENCES B E T W E E N LAYERS. ONE M E T H O D FOR MITIGATING POTENTIAL
H A Z A R D S ASSOCIATED WITH STRATIFICATION IS BY L I M I T I N G THE DENSITY
AND THE T E M P E R A T U R E DIFFERENCES B E T W E E N FRESH LIQUID AND LNG IN
THE T A N K S . IN CASE OF L A R G E D E N S I T Y DIFFERENCES, M I X I N G OF T A N K
CONTENTS D U R I N G FILLING, OR AFTER FILLING, MAY BE R E Q U I R E D .
- P E R T I N E N T FIGURES-
TAB. 1 PROPERTIES OF LNGS F R O M D I F F E R E N T SOURCES AT S A T U R A T I O N ,
PAGE 52// FIG.1 MODEL OF S T R A T I F I E D LNG T A N K USED FOR SIMULATION
STUDIES, P A G E 55// FIG.3 BOIL-OFF R A T E IN STRATIFIED LNG TANKS,
CASE 1. HIGH BOTTOM FILL R A T E , SHALL QUANTITY OF H E A V Y LIQUID,
PAGE 57//FIG.4 BOIL-OFF RATE IN STRATIFIED LNG T A N K , CASE 2. HIGH
BOTTOM FILL R A T E , L A R G E Q U A N T I T Y OF H E A V Y LIQUID, PAGE 58//FIG.5
BOIL-OFF R A T E V A R I A T I O N S IN STRATIFIED LNG T A N K S , CASE 3. LOW TOP
FILL R A T E , L A R G E Q U A N T I T Y OF BOTTOM L A Y E R , PAGE 59
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-ABSTRACT- . '
THIS PAPER BRIEFLY 'DESCRIBES THE COLUMBIA-CONSOLIDATED COVE POINT,
M A R Y L A N D , L N G M A R I N E T E R M I N A L . I N C L U D E D A R E SHORT DISCUSSIONS O N
SEVERAL SAFETY ASPECTS OF THE T E R M I N A L - SITING, PIPING PROTECTION
A N D ROLLOVER P R E V E N T I O N .
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-ABSTRACT-
K E A S U B E M E N T OF CRYOGENS IN THE LIQUID STATE U N D E R P R E S S U R E
S U F F I C I E N T TO P R E V E N T V A P O R I Z A T I O N IS V E R Y DESIRABLE. H U M B L E PIPE
L I N E C O M P A N Y HAS ESTABLISHED THE M E R I T OF THE BI-DIRECTIONAL
PISTON F R O V E R AS AN I N V A L U A B L E TOOL FOR ACCURATE LIQUID C H Y O G E N
M E A S U R E M E N T . BY P R O V I N G A ONE-IN. T U R B I N E METER O P E R A T I N G B E T W E E N
33 AND 71 G A L / M I N IN LIQUID NITROGEN SERVICE, WITH A 100 G A L / M I N
CAPACITY BI-DIRECTIONAL PISTON P R O V E R , AND DEMONSTRATING A
C O M B I N E D METEH-PROVER REPEATABILITY VARIATION BETWEEN 0.110
P E R C E N T AND 0. 0 0 8 ' P E R C E N T , IT WAS CONCLUDED THAT SCALE-UP OF THE
PHOVER IS NOT ONLY -PRACTICAL BUT HIGHLY R E C O M M E N D E D . A COST
A N A L Y S I S F O R " CAPITAL I N V E S T M E N T R E Q U I R E D T O INSTALL PROVER
FACILITIES F O R T U R B I N E MET'ERS I N L N G T A N K E R L O A D I N G A N D U N L O A D I N G
IS DISCUSSED. P R O V E R S OF SUFFICIENT SIZE H A V E NOT YET BEEN BUILT,
SO THAT COSTS ARE A M A T T E R OF SPECULATION, BUT A R O U G H ESTIMATE
FOE SUCH A FACILITY INDICATES A COST OF 2 OR 3 TIMES THAT OF
C O N V E N T I O N A L C R U D E O I L FACILITIES.
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M E T E R FACTOR CURVE, P A G E 222//FIG.5 METER CALIBRATION C U R V E , PAGE
223
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-ABSTRACT-
PROBLEMS AND LIMITATIONS A S S O C I A T E D WITH JP FUELS AT HIGH M A C H
N U M B E R S H A V E LED TO AN I N T E R E S T IN FUELS W I T H BETTER HEAT SINK AND
HIGH T E M P E R A T U R E C A P A B I L I T I E S S U C H A S M E T H A N E . STUDIES H A V E S H O W N
M E T H A N E TO OFFER P E R F O R M A N C E A D V A N T A G E S FOR SSTS R E L A T I V E TO JP,
BUT THE O V E R A L L A T T R A C T I V E N E S S OF M E T H A N E WILL D E P E N D UPON THE
E X T E N T A D V A N T A G E S A R E N U L L I F I E D B Y P R A C T I C A L D I S A D V A N T A G E S .
PROBLEMS A N D P E N A L T I E S O F S T O R I N G M E T H A N E I N A N A I R C R A F T
CONSTITUTE SOME OF THE I M P O R T A N T P R A C T I C A L D I S A D V A N T A G E S . S E V E R A L
R E P R E S E N T A T I V E M E T H A N E S T O R A G E SCHEMES FOR M A C H 3-6 TRANSPORT
AIRCRAFT ARE E V A L U A T E D , P R I M A R I L Y ON THE BASIS OF M I N I M U M WEIGHT.
F U E L SYSTEM HEIGHT, ( I N C L U D I N G T A N K A G E , INSULATION, P L U M B I N G ,
BOILOFF, ETC.) IS SHOWN TO BE. 6.3-13.6 PERCENT OF. THE FUEL WEIGHT
F O R M E T H A N E D E P E N D I N G U P O N T H E T Y P E O F S T O R A G E S C H E M E USED A N D
U P O N T H E AIRCRAFT SPEED A N D R A N G E . B Y CONTRAST, FUEL S Y S T E M WEIGHT
OF THE FUEL HEIGHT. EFFECTS OF THE FUEL
OF F U E L SYSTEM TO FUEL WEIGHT) UP PAYLOAD
S E R V E S AS A P R I M E R ON THE TOPIC OF M E T H A N E
ALSO B R I N G S U N R E S O L V E D ISSUES INTO S H A R P E R
W H A T S H O U L D BE D O N E TO C L A R I F Y THE FUTURE
FOR JP IS 2.5-3 P E R C E N T
SYSTEM FRACTION ( R A T I O
ARE SHOHN. THIS REPORT
STORAGE IN AIRCRAFT. IT
P E R S P E C T I V E . A N D S U G G E S T S
R O L E OF M E T H A N E AS AN A I R C R A F T FUEL.
- P E R T I N E N T FIGURES-
TAB.1 BASIC STORAGE SCHEMES, P A G E 5 / / F I G . 1 R E P R E S E N T A T I V E STORAGE
CONDITIONS FOR LIQUID M E T H A N E FUEL, P A G E U//FIG.2 TYPICAL BACH 3-7
M E T H A N E FUELED T R A N S P O R T S H O W I N G VOLUME A V A I L A B L E FOR FUEL T A N K S ,
PAGE 7// FIG.3 BASIC APPROACHES TO HIGH M A C H N U M B E R AIRCRAFT FUEL
T A N K DESIGN, PAGE 7
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-ABSTRACT-
A 1380-FT LONG W H A R F , B U F F E T E D BY ICE TLOES AMD THE DOCKING OF
SHIPS, SUPPORTS L A R G E D I A M B I E R L I Q U E F I E D N A T U R A L G A S ( L N G ) A N D L N G
V A P O R PIPING. THIS PAPER P R E S E N T S A N U N U S U A L D E S I G N PROBLEH A N D
ITS SOLUTION. THE DESIGN I N V O L V E S THE STUDY OF L O N G R U N S OF PIPING
U N D E R B U C K L I N G I N C O L U M N A C T I O N W H I L E A B S O R B I N G L A R G E L A T E R A L
DEFLECTIONS. THE DETAILS OF S U P P O R T I N G THE I N S U L A T E D C R Y O G E N I C
PIPING W H I L E P E R M I T T I N G L A R G E C O N T R A C T I O N S A N D F L U C T U A T I N G L A T E R A L
LOADINGS ARE ALSO E X P L A I N E D .
' -PERTINENT FIGURES- .
FIG.1 W H A R F L A Y O U T SHOWING TYPICAL PIPE SUPPORT M E M B E R S FOR EACH
SECTION, PAGE 3//FIG.2 W H A R F BOVEHENTS AND DESIGN MOVEMENTS
AFFECTING LNG PIPING, PAGE U//FIG.3 TYPICAL SADDLE-TYPE SUPPORTS
FOR LNG PIPING, INCLUDING G U I D E D SUPPORTS, P A G E 7//FIG.4 TYPICAL
PIPE A N C H O R FOR LNG PIPING, P A G E 7
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-ABSTRACT-
THE CHOICE A M O N G THE THREE LNG SHIP T A N K CONCEPTS WILL BE H A D E
A C C O R D I N G TO S E V E R A L FACTORS, ALL I N T E R R E L A T E D . U N D O U B T E D L Y , T A N K
COST WILL BE ONE OF THE M A J O R FACTORS BUT ITS I M P O R T A N C E W I L L
D E P E N D U P O N THE SIZE OF THE SHIPS, THE COST OF THE GAS AND ITS
D E L I V E R E D SELLING PRICE, A N D A N Y PATENTS A N D R O Y A L T I E S WHICH H A Y
BE I N V O L V E D . THE CHOICE OF TAHK DESIGN HAY ALSO BE INFLUENCED BY
R E G U L A T O R Y CHANGES RESULTING FROH OPERATING EXPERIENCE WITH
P R E S E N T LNG T A N K E R S . FOR E X A M P L E , IT WOULD SEEM R E A S O N A B L E TO
E X P E C T A C H A N G E IN THE S I M U L T A N E O U S R E Q U I R E M E N T S FOR BOTH AN OUTER
T A N K INSPECTION AND A . S E C O N D A R Y B A R R I E R IF THE T A N K S CAN BE
INSPECTED F R O M THE I N S U L A T I O N SIDE AS WELL AS FROH TH-E CARGO SIDE,
A SATISFACTORY E X P E R I E N C E WITH FREE-STANDING. T A N K S MAY M A K E
S E C O N D A R Y BARRIERS SUPERFLUOUS. N E V E R T H E L E S S , . THE THREE T A N K
CONCEPTS - FREE-STANDING, S E M I - M E M B R A NE , AND FULLY I N T E G R A T E D -
H A V E B E E N PROVEN AND ARE HEADY TO BE APPLIED IN- FUTURE LNG
T R A N S P O R T PROJECTS. UNTIL V E R Y R E C E N T L Y , THIS COHICE WAS NOT
A V A I L A B L E , B E C A U S E IT IS NOW POSSIBLE AND N E C E S S A R Y TO M A K E THE
C H O I C E , T H E DESIGN E N G I N E E R H A S A G R E A T E R C H A L L E N G E A N D T H E R E F O R E
KILL SEED TO C O O R D I N A T E EXTENSIVELY W I T H THE N A V A L ARCHITECT, THE
R E G U L A T O R Y BODIES, AND THE E C O N O M I S T TO E N S U R E THAT THE CHOSEN
T A K K S Y S T E M I S ULTIMATELY S A F E A N D R E L I A B L E . O N E C E R T A I N
C O N C L U S I O N IS T H A T AS THE WORLD POPULATION I N C R E A S E S AND ITS
S T A N D A R D OF L I V I N G I M P R O V E S , THE D E M A N D FOR A C L E A N SOURCE OF
E N E R G Y WILL I N C R E A S E AND N A T U R A L GAS F R O M U N P O P U L A T E D REGIONS OF
TBS "SfOOLD ' K I L L BE BROUGHT AT LNG TO "THOSE AR-EAS U N D E R G O I N G THE
L A R G E S T I N D U S T R I A L E X P A N S I O N .
- P E R T I . N E N T F I G U R E S -
T A B . 1 D E S I G N C O N S I D E R A T I O N S , P A G E 2*4//TAB.2 PROPERTIES OF
M A T E R I A L S , P A G E 26//FIG.1 CONCH SELF-SUPPORTING T A N K , P A G E
27//FIG.3 G E N E R A L O U T L I N E A N D D E T A I L O F JULES V E R N E T A N K , PAGE
28//FIG.7 C O N C H M E M B R A N E S Y S T E M , P A G E 31//FIG.8 CONSTRUCTION
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-ABSTRACT-
TKIS R E V I E W OF C A P A C I T A N C E T R A N S D U C E R S BEGINS W I T H SOME T Y P I C A L
A P P L I C A T I O N S , T H E N GIVES A GOOD S U M M A R Y OF THE POSSIBLE G E O M E T R I E S
OF C A P A C I T A N C E T R A N S D U C E R S HITH F O R M U L A S FOR THE C A P A C I T A N C E OF
E A C H C O N F I G U R A T I O N . A SELECTION OF SOME OF THE M A N Y POSSIBLE
M E A S U R I N G CIRCUITS ASSOCIATED HITH THE TRANSDUCERS COMPLETES THE
R E V I E W .
-PERTINENT FIGURES-
TAB. CAPACITANCE T R A N S D U C E R APPLICATIONS, ' PAGE 188//FIG.3
T R A N S D U C E R A R R A N G E M E N T S A N D CAPACITANCE F O R M U L A S , P A G E 1 9 0
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-ABSTRACT-
SPECIAL ATTENTION HAS TO BE PAID TO THE SELECTION OF M A T E R I A L S OF
CONSTRUCTION FOR C R Y O G E N I C P L A N T S IN ORDER TO A V O I D PROBLEMS OF
BRITTLE F R A C T U R E . M A T E R I A L S SUCH A S NICKEL STEELS, A L U M I N U M A N D
COPPER ALLOYS ARE C O M M O N L Y E M P L O Y E D FOR S T O R A G E VESSELS, PIPING,
ETC. THE AUTHOR DISCUSSES T H E S E , T O G E T H E R W I T H THE CHOICE OF WELD
METALS A N D W E L D I N G T E C H N I Q U E S .
- P E R T I N E N T FIGURES-
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-ABSTRACT-
THIS PAPER BRIEFLY REVIEWS THE V A R I O U S TYPES OF LNG SHIP C A R G O
C O N T A I N M E N T SYSTEMS AND I N C L U D E S S E V E R A L ILLUSTRATIONS OF THE
N E C E S S A R Y DESIGN, C O N S T R U C T I O N , A N D O P E R A T I O N A L CONSIDERATIONS.
O N L Y C E R T A I N DESIGN ASPECTS OF THE CARGO H A N D L I N G , SYSTEM ARE
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-ABSTRACT-
D U R I N G THE COURSE OF SOME FLOW VISUALIZATION STUDIES ON BOILING
L I Q U E F I E D N A T U R A L GAS ( L N G ) IN A T R A N S P A R E N T D E B A R , IT WAS
OBSERVED THAT THE COLD D E W A R HALL UP TO A HEIGHT OF ABOUT 50 MM
A B O V E THE LIQUID LEVEL WAS C O V E R E D W I T H FILM TOGETHER WITH FLUID
DROPLETS. THIS P A P E R REPORTS SOHE VISUAL OBSERVATIONS AND SIMPLE
E X P E R I M E N T S W H I C H EXPLAIN THIS P H E N O M E N O N IN T E R M S .OF A.
S U R F A C E - T E N S I O N - D R I V E N PROCESS ' - A MANIFESTATION OF THE M A R A N G O N I
EFFECT. CLOSER OBSERVATION OF THE FILM FLOW R E V E A L E D THE G E N E R A L
RESULTS DESCRIBED H E R E , U S I N G LNG P R E P A R E D BY THE COMPLETE
CONDENSATION OF N O R T H SEA GAS W I T H THE A P P R O X I M A T E COMPOSITION,
NITROGEN 1.6 P E R C E N T , M E T H A N E 93.6 PERCENT, C A R B O N DIOXIDE 0.1
P E R C E N T , E T H A N E 4 .1 PERCENT, PROPANE 0 .6 P E R C E N T , B U T A N E LESS T H A N
0.1 'PERCENT, W A T E R LESS T H A N 0.02 PERCENT (-40 DEGREES .F
D E W - P O I N T ) .
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- B I B L I O G R A P H Y -
B O A R D K A N ^ J . AND SCU RLOCK, R. G. , CRYOGENICS VOL 13, P 520 (1973)
-SOURCE I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
S O U T H A M P T O N U N I V . , E N G L A N D
J O U R N A L PROCEEDINGS -
CRYOGENICS VOL 14, NO. 10, 562-3 (OCT 1974}
OTH-ER I N F O R M A T I O N -
0002 P A G E S , 0001 F I G U R E S , 0000 TABLES, 0004 REFERENCES
170
keys 20776 through 20777
III. LEAK REPORTING REQUIREMENTS FOR GAS LINES
-ABSTRACT-
THIS IS A PORTION OF TITLE 49, CODE OF F E D E R A L R E G U L A T I O N S ,
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THE F E D E R A L SAFETY S T A N D A R D S EASILY A V A I L A B L E TO THE PEOPLE MOST
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THIS BRIEF ARTICLE DESCRIBES THE SECONDARY CONTAINMENT DIKE TO BE
BUILT AROUND THE LNG STORAGE AT THE COVE POINT TERMINAL BY THE
REINFORCED EABTH COMPANY PROCESS. THE STRUCTURE HILL BE 11 FEET
HIGH AND 15 FEET HIDE AND HILL SIT ATOP A 10-FOOT EARTH MOUND. THE
DIKE STRUCTURE HILL CONSIST OF EARTH, REINFORCED HITH THIN METAL
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- A B S T R A C T -
THIS IS PART I OF A TWO PART A R T I C L E ON HEW (IN 1969) D E V E L O P M E N T S
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SPACES TO P R O V I D E A CONTINUOUS, POSITIVE P R E S S U R E , DRY GAS P U R G E
ON THE I N S U L A T I O N . ALSO, THE P R O B L E M OF D I F F E R E N T I A L PRESSURES ON
THE I N N E R T A N K SHELL IS E L I M I N A T E D W I T H THE O U T E R C A R B O N STEEL
C O N T A I N E R A C C O M M O D A T I N G THE O P E R A T I N G PRESSURE.
- P E R T I N E N T F I G U R E S - . . .
FIG.1 THE DOUBLE W A L L T A N K W I T H THE SUSPENDED. DECK I N S U L A T I O N ,
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CONFERENCE, HOUSTON, TEXAS, SEP 1965/ /HANKE,C.C. , CHICAGO BRIDGE
AND IRON C O M P A N Y , A B O V E G R O U N D STORAGE OF LNG IS SAFE AND
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-ABSTRACT-
DESIGNING V E R Y L A R G E L N G P L A N T S R E Q U I R E S f t T H O R O U G H A N A L Y S I S 0 ?
T H E RISKS I N V O L V E D W H E N E V E R T H E SELECTION O F T E C H N I C A L SOLUTIONS
I S M A D E I N A R E A S F A R B E Y O N D K N O W N B O U N D A R I E S O F C U R R E N T K N O W L E D G E .
T H E E X P E R I E N C E O F T H E FIRST L A R G E L N G P L A N T I N T H E W O R L D , T H A T O F
C A M E L , AT A R Z E W , AS W E L L AS T H A T OF S O M A L G A Z AT S K I K D A , IS
. R E V I E W E D WITH P A R T I C U L A R E M P H A S I S O N T H E R M O D Y N A M I C PROPERTIES O F
H Y D R O C A R B O N M I X T U R E S A T T E M P E R A T U R E S B E T W E E N A M B I E N T A N D -265
DEGREES F, THE USE OF COMPUTERS FOR PROCESS OPTIMIZATION AND
SELECTION ' O F PROCESSES, C R Y O G E N I C H E A T E X C H A N G E R S ,
TURBOCOMPRESSIOfl SYSTEMS, O V E R A L L C O N C E P T . O F T H E PLANTS, A N N U A L :
CAPACITY A N D S E A HATER C O O L I N G SYSTEMS. THIS P A P E R .PRESENTS
ALTERATIONS M A D E O N T H E C A M E L P L A N T A T S T A R T U P T I M E T O T A K E F U L L '
A D V A N T A G E OF POTENTIAL CAPACITY BUILT IN T H R O U G H A C O N S E R V A T I V E
DESIGN PHLOSOPHY CHOSEN TO E L I M I N A T E RISKS W H I L E SCALING UP IN
U N C E R T A I N AREAS. THE CAHEL E X P E R I E N C E AND THE LESSONS L E A R N E D HERE
A DECISIVE FACTOR HHEN THE SAME D E S I G N G R O U P H A N D L E D THE S O M A L G A Z
H O R K . IT HAS DECIDED T H E N THAT IT M O U L D BE BEST TO SEEK AN O V E R A L L
EFFICIENCY THROUGH THE SELECTION OF T E C H N I C A L SOLUTIONS M I N I M I Z I N G
ROTATING M A C H I N E R Y A N D A P P L Y I N G STATIC S O L U T I O N S W H E N E V E R
A V A I L A B L E . T H E S I N G L E R E F R I G E R A T I N G FLUID PROCESS S E L E C T E D F O R T H E
P L A N T MET THESE CONDITIONS S I N C E , FOR EACH U N I T , T H E R E IS O N L Y ONE
T D R B O C O M P R E S S O R W H I C H T A K E S THE PLACE OF F I V E COMPRESSORS AND
S E V E N C R Y O G E N I C PUMPS FOR E A C H C A M E L U N I T . S C A L E U P P R O B L E M S OF THE
S O M A L G A Z LNG UNITS ARE R E V I E H E D WITH I N D I C A T I O N S OF THE EARLY
OPERATING RESULTS.
-PERTINENT FIGURES-
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PAGE 25//TAB.4 LIQUEFACTION OP N A T U R A L G A S , M A X I M U M CAPACITY OF A
T E A L A R C LNG UNIT USING ONE S T E A M T U R B I N E D R I V E N A X I A L COMPRESSOR,
PAGE 25//TAB.5 LIQUEFACTION OF N A T U R A L GAS, M A X I M U M CAPACITY OF A
TEALARC LNG UNIT HITH P R O P A N E CYCLE USING THREE C E N T R I F U G A L
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-ABSTRACT-
IN THIS ARTICLE, C O M P A R I S O N IS M A D E OF C E R T A I N V A R I A B L E S IN
TYPICAL L N G FACILITIES - I M P O R T T E R M I N A L S , P E A K - S H A V I N G P L A N T S A N D
L A R G E SATELLITE P L A N T S . T H E A U T H O R DISCUSSES O P E R A T I N G PROCEDURES
A N D DESIGN C R I T E R I A F O R SUCH FACILITIES, POINTING O U T A R E A S W H E R E
I M P R O V E M E N T S SHOULD BE, OR ARE E X P E C T E D TO BE, MADE. DESCRIBED ARE
U N L O A D I N G A N D V A P O R H A N D L I N G SYSTEMS, V A L V E C H A R A C T E R I S T I C S A N D
R E Q U I R E M E N T S , STORAGE T A N K R O L L O V E R , A N D S E N D O U T H E A T I N G V A L V E
CONTROL.
- P E R T I N E N T -FIGURES- •
TAB. 1 COMPARISON OF C E R T A I N . V A R I A B L E S FOR - T Y P I C A L LNG -FACILITIES,
PAGE 46// FIG.1 CENTRIFUGAL T H R U S T D E V E L O P E D IN LNG PIPING T U R N S ,
PAGE U6//FIG.3 C O M P A R I S O N OF W A T E R H A M M E R S U R G E P R E S S U R E TO
N O M I N A L OPERATING PRESSURE FOR LNG T A N K FILL LINES AT HYPOTHETICAL
FACILITIES, PAGE 51//FIG. U V A L V E CHARACTERISTICS, PAGE 51
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T E R M I N A L O P E R A T I O N S I N V O L V I N G LNG DIFFER FROM O P E R A T I O N S WITH HOST
O T H E R LIQUIDS, W H I C H A B E H A N D L E D A T C O R R E S P O N D I N G L Y H I G H T R A N S F E R
R A T E S AND L A R G E V O L U M E S , IN THAT LNG IS A B O I L I N G C R Y O G E N I C
LIQUID. THIS P A P E R DISCUSSES THE D E S I G N AND O P E R A T I O N OF T E R M I N A L
S Y S T E M C O M P O N E N T S I N C L U D I N G SHIP H A N D L I N G , LIQUID/VAPOR T R A N S F E R ,
S T O R A G E , A N D V A P O R I Z A T I O N .
- P E R T I N E N T F IGURES-
TAB. 1 LNG BASE-LOAD EXPORT TERMINALS/ /TAB. 2 LNG BASE-LOAD
R E C E I V I N G TER?5INALS//FIG. 1 FLOW D I A G R A M FOR AN LNG RECEIVING
T E S M I N A L / / - F I G . 2 E X P A N S I O N J O I N T A S S E M B L Y
- B I B L I O G R A P H Y -
C l i O h L , . K . E . , AK LNG S H I P - L O A D I N G P I P E L I N E , L N G / C R Y O G . 1 , 6-11
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-ABSTRACT-
L A R G E L N G S T O R A G E T A N K S A R E C A P A B L E O F E X H I B I T I N G , A P P A R E N T L Y
S P O N T A N E O U S L Y , E X C E E D I N G L Y L A R G E A N D U N E X P E C T E D O V E R - P R E S S U R E S
W H I C H I N T U R N C R E A T E V E R Y L A R G E V E N T I N G R A T E S . I T I S C O M M O N L Y
B E L I E V E D THAT SUCH U N D E S I R A B L E E V E N T S A R E D D E T O T A N K ROLL-OVER.
HERETOFORE, A M A J O R O B S T A C L E TO Q U A N T I T A T I V E ROLL-OVER
PREDICTIONS, E.G. V E N T I N G R A T E S , HAS B E E N THE L A C K OF A HELL-POSED
I N I T I A L CONDITION. IN P A R T I C U L A R , IT HAS NOT BEEN POSSIBLE TO
SPECIFY THE DENSITY VS. HEI3HT PBOFILE WHICH M O U L D EXIST IN AN LNG
T A N K U P O N COMPLETION OF THE T R A N S F E R OF C A R G O WHICH IS OF A
DENSITY DIFFERENT FROB THAT OF T H E . T A N K I N V E N T O R Y . .THIS PAPER
PRESENTS THE RESULT.S FROM BOTH AN E X P E R I M E N T A L PROG-RAM, WHICH USED
MODEL FLUIDS' IN A SMALL T A N K , AND A COMPUTES S I M U L A T I O N OF THE
H Y D R O D Y N A M I C M I X I N G PROCESS D U R I N G THE C A R G O T R A N S F E R . IT IS S H O W N
THAT THE E X P E R I M E N T A L AND C O M P U T E D DENSITY PROFILES ARE IN GOOD
A G R E E M E N T WITH EACH OTHER, AND THAT THE INITIAL DENSITY PROFILES
OF LNG T A N K S ABE THEREFORE SUSCEPTIBLE TO PREDICTION.
- P E R T I N E N T F I G U R E S -
FIG. 1 A ADDITION OF H E A V Y LNG VIA A BOTTOM N O Z Z L E , P A G E 14//FIG.1B
A D D I T I O N OF LIGHT LNG VIA A BOTTOM N O Z Z L E , P A G E 14//FIG.5 EFFECT
OF BOTTOM FILL N O Z Z L E O R I E N T A T I O N , PAGE 18//FIG.6 TOP ADDITION OF
H E A V Y FLUID, PAGE 19// FIG.7 TOP ADDITION OF H E A V Y FLUID, PAGE
20//FIG.8 TOP ADDITION OF LIGHT FLUID, PAGE 21
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-ABSTRACT-
SAFETY C O N S I D E R A T I O N S A R E O F P R I M E I M P O R T A N C E I N T H E D E S I G N A N D
O P E R A T I O N OF LNG B A S E - L O A D T E R M I N A L S . THIS P A P E R OUTLINES S A F E T Y
C O N S I D E R A T I O N S A P P L I C A B L E TO THE M A J O R C O M P O N E N T S OF A T E R M I N A L
FACILITY, W H I C H I N C L U D E T H E D O C K I N G FACILITY, L N G T A N K E R L I Q U I D
T R A N S F E R A N D V A P O R H A N D L I N G , S T O R A G E , A N D S E N D O U T V A P O R I Z A T I O N .
THE DOCKING FACILITY BUST BE D E S I G N E D TO S A F E L Y W I T H S T A N D SHIP
IMPACTS AND THE EFFECTS OF TIDES, W A V E S , AND WINDS. LIQUID
T R A N S F E R A N D VAPOR H A N D L I N G SYSTEMS MUST PROVIDE F O R T H E S A F E
O P E R A T I O N OF SHIP CONNECTIONS, U N L O A D I N G ARMS, . L I Q U I D AND V A P O R
T R A N S F E R LINES, AND LIQtIID-RECIRCOLATI ON LOOPS. THE SAFETY OF
STORAGE SYSTEMS IS- AFFECTED BY M E C H A N I C A L DESIGN" F E A T U R E S . A S HELL
AS BY OPERATIONAL CHARACTERISTICS SUCH AS LIQUID ROLL-OVER, L I Q U I D
P U M P I N G HATES, A N D C H A N G E S - I N B A R O M E T R I C P R E S S U R E . V A P O R I Z A T I O N
EQUIPMENT M U S T P R O V I D E FOR CONTROL OF GAS SENDOUT T E H P E R A T U R E .
G E N E R A L SAFETY C O N S I D E R A T I O N S FOR THE ENTIRE FACILITY M U S T I N C L U D E
PROVISIONS FOR COMBUSTIBLE-GAS DETECTION AND FOR THE LOCATION OF
FIRE-SENSING DEVICES AT S T R A T E G I C LOCATIONS T H R O U G H O U T THE P L A N T
A R E A . FIRE-CONTROL SYSTEMS MUST A L S O B E PROVIDED. F I N A L L Y , T H E
PROPER SELECTION AND T R A I N I N G OF P E R S O N N E L ARE V I T A L FOR THE SAFE
O P E R A T I O N O F L N G T E R M I N A L S .
-PERTINENT F I G U R E S -
FIG. 1 FLOS D I A G R A M FOR AN LNG R E C E I V I N G T E R M I N A L , PAGE 14//FIG.2
LOCATION OF COMBUSTABLE GAS DETECTORS, FIRE SENSING DEVICES AND
HANUAL ALARM BOXES AT AN LNG RECEIVING TERMINAL, PAGE 15//FIG.3
LOCATION OF FIRE FIGHTING EQUIPMENT AT AN LNG R E C E I V I N G T E R M I N A L ,
P&GE 16
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- A B S T R A C T -
T H E S E V E N S H E L L 7 5 0 0 0 CUBIC M E T E R L N G C A R R I E R S S C H E D U L E D F O R T H E
B R U N E I - J A P A N R U N A R E FITTED W I T H A S T E R N L N G J E T T I S O N L I N E . THIS
S Y S T E M I S I N T E N D E D T O A L L O W SAFE D I S C H A R G E O F L N G T O T H E S E A U N D E R
T H E F O L L O W I N G C O N D I T I O N S . 1 ) W I T H T H E SHIP U N D E R W A Y B U T H A V I N G
S U F F E R E D F A I L U R E O H D A H A G S T O T H E C A R G O C O N T A I N M E N T S Y S T E M T O T H E
E X T E N T T H A T I T I S E S S E N T I A L T O E M P T Y T H E D A M A G E D T A N K T O P R E V E N T
F U R T H E R S E R I O U S SHIP F A I L U R E , A N D 2 ) WITH T H E SHIP S T A T I O N A R Y ,
I.E. A G R O U N D , AND IT IS NECESSARY TO LIGHTEN THE SHIP AND REFLOAT
TO A V O I D F U R T H E R HULL D A M A G E AND POSSIBLE R I S K OF M A J O R R E L E A S E OF
C A R G O . THE FIRST PART OF THE PAPER DESCRIBES THE P R O C E D U R E S AND
RESULTS OF A SERIES OF JETTISON TESTS C A R R I E D - O U T ON B O A R D THE 75
0 0 0 CUBIC M E T E R SHIP GADILA W I T H SHIP M O V I N G A N D S T A T I O N A R Y , A N D
DISCUSSES THE O P E R A T I O N A L S A F E T Y ASPECTS OF SUCH DISCHARGES. THE
SECOND PART IS C O N C E R N E D H I T H THE E N V I R O N M E N T A L H A Z A R D S ASSOCIATED
WITH THE RELEASE OF LARGE Q U A N T I T I E S OF L N G * T O THE SEA IN T E R M S OF
THE EXTENT OF V A P O U R CLOUD FOBBED - ITS CHARACTER ISTICS AND R A T E
OF DISPERSAL.
F I G . 1 S C H E M A T I C D I A G R A M
P L U M E FROM TEST 4, PAGE
19//FIG.8 C O M P A R I S O N OF
VIEW F R O M BRIDGE, TEST
6, P A G E 25
- P E R T I N E N T F I G U R E S -
OF J E T T I S O N SYSTEM, P A G E
18//FIG.3 P L A N OF P L U M E
RESULTS WITH API TESTS,
4, P A G E 25//PLATE 2 V I E W
17//FIG.2 P L A N OF
F R O M TEST 6, P A G E
PAGE 24//PLATE 1
F R O M BRIDGE, TEST
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IT IS THE DESIRE OF GAS C O M P A N I E S A N D / O R G O V E R N I N G OFFICIALS IN
SOME L A R G E M E T R O P O L I T A N A R E A S T O H A V E I N C O R P O R A T E D I N THEIR L N G
STORAGE FACILITY T H E C O N T A I N M E N T SAFETY F E A T U R E PROVIDED B Y
I N - G R O U N D STORAGE. THIS N E E D CAN BE SATISFIED BY D E S I G N I N G T H E I R
ABOVE G R O U N D D O U B L E - B A L L E D H E T A L S T O B A G E T A N K H A V I N G A L L
P E N E T R A T I O N S T H R O U G H THE ROOF AND S U R R O U N D E D BY A 10 FOOT THICK
CONCRETE WALL. A T H R E E - M O D E LEVEL OF C O N T A I N M E N T SAFETY CAN BE
A T T A I N E D BY DESIGNING ALL T H R E E , THE I N N E R T A N K , THE OUTER T A N K ,
AND THE CONCRETE W A L L , AS C O N T A I N E R S FOR THE
FOREHENTIONED FEATURES ARE A PART OP THE 290,000 BBL"
T A N K BUILD FOR CONSOLIEATED EDISON' C O M P A N Y OF NEW
LOCATED IN ASTORIA, Q U E E N S , NEW Y O R K CITY. P A R T I C U L A R
THIS T A N K AEE DISCUSSED W I T H EMPHASIS B E I N G GIVEN TO
RELATED TO SAFETY.
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-ABSTRACT-
THE P f c P E B DEALS WITH THE V A R I O U S FACTORS WHICH M U S T BE CONSIDERED
H H E N F I N D I N G A SITE, P L A N N I N G AND ' O B T A I N I N G PERHISSION FOR A NEW
LNG STORAGE I N S T A L L A T I O N . E N V I R O N M E N T A L ASPECTS OF SITE SELECTION
A R E DEALT WITH FIRST. T H E U N I T E D K I N G D O M P L A N N I N G P R O C E D U R E S A R E
DESCRIBED, INCLUDING THE PROCESSES OF C O N S U L T A T I O N WITH LOCAL
AUTHORITIES, G O V E R N M E N T D E P A R T M E N T S AND THE G E N E R A L PUBLIC. THE
DESIGN CONSIDERATIONS R E L A T I N G TO THE A P P E A R A N C E OF THE PLANT ARE
N E X T DISCUSSED, WITH EMPHASIS ON THE I M P O R T A N C E OF T R E A T I N G EACH
.SITE IN A SYMPATHETIC AND . I N D I V I D U A L M A N N E R . .THE SAFETY ASPECTS OF
P L A N T .DESIGN ARE CONSIDERED. THE PROBLEMS POSED BY THE. STORAGE
T A N K S A R E ' P A R T I C U L A R L Y I H P O R T A N T . STEPS WHICH C A N B E T A K E N T O
R E D U C E THE LIKELIHOOD AND CONSEQUENCES OF ACCIDENTAL LNG ESCAPE
ARE DESCRIBED. F I N A L L Y THE P A P E R OUTLINES THE PRINCIPLES BY W H I C H
THESE S O M E T I M E S CONFLICTING D E M A N D S A R E RESOLVED.
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-ABSTRACT-
IN THE D E S I G N OF L A R G E C A P A C I T Y LNG STORAGE T A N K S SAFETY IS OF
P A R A M O U N T I M P O R T A N C E AND IT. IS T H E R E F O R E NECESSARY TO H A V E A FULL
U N D E R S T A N D I N G OF THE PROPERTIES OF COMPONENT MATERIALS U N D E R THE
SPECIFIC O P E R A T I N G CONDITIONS. IN THE CASE OF THE INSULATION
M A T E R I A L S , THESE ABE G E N E R A L L Y . C O N V E N T I O N A L PRODUCTS SHICH ARE
BEING USED IN AN U N C O N V E N T I O N A L E N V I R O N M E N T SO THAT EXTENSIVE
D E V E L O P M E N T W O R K IS - N E C E S S A R Y TO SUBSTANTIATE T H E I R USE. THE PAPEB
PRESENTS THE DESIGN BASIS AND RESULTS OF D E V E L O P M E N T HORK ON B A S E ,
SHELL AND ROOF I N S U L A T I O N SYSTEMS R E L A T I N G TO THE CONSTRUCTION OF
2 - 50 ,000 CUBIC RETER T A N K S . IN P A R T I C U L A R , RESULTS OF AN
E X T E N S I V E P R O G R A M O F ' A M B I E N T A N D L O W T E M P E R A T U R E TESTS O N T H E LOAD
B E A R I N G CHARACTERISTICS O F F O A M E D GLASS A N D LIGHTWEIGHT C O N C R E T E
BLOCKS ABE G I V E N , TOGETHER HITH THE DESIGN BASIS FOR C A L C U L A T I N G
THE H O R I Z O N T A L P R E S S U R E D E V E L O P E D BY A PERLITE/GLASS FIBER B L A N K E T
W A L L I N S U L A T I O N S Y S T E M D U E T O T H E R M A L C Y C L I N G O F T H E I N N E R T A N K .
DETAILS ARE I N C L U D E D FOR THE S U B S T A N T I A T I O N OF THE USE OF PLYWOOD
P A N E L S FOR THE S U S P E N D E D I N N E R ROOF. I N F O R M A T I O N IS G I V E N ON
P R O B L E M S ASSOCIATED WITH T H E R M A L DESIGN A N D T H E T H E R M A L
P E R F O R M A N C E C A L C U L A T I O N S H A V E B E E N S U B S T A N T I A T E D B Y O B T A I N I N G
O P E R A T I N G D A T A FROM A 12,000 CUBIC M E T E R I N S T A L L A T I O N . IN
C O N C L U S I O N , AN O U T L I N E D E S I G N IS G I V E N FOR A 100,000 CUBIC M E T E R
T A N K HIT-H I N D I C A T I O N S O F F U T U R E T R E N D S O F D E V E L O P M E N T H O R K .
-BIBLIOGRAPHY-
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F O R L N G A P P L I C A T I O N , C O N F E R E N C E O N W E L D I N G L O W T E M P E R A T U R E
C O N T A I N M E N T PLANT, L O N D O N , 2 0 T H - 2 2 N D N O V E M B E R 1973
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C O R P O R A T E S O U R C E -
WHESSOE LTD. , D A R L I N G T O N , E N G L A N D
J O U R N A L P R O C E E D I N G S -
188 .
INTERNATIONAL LIQUEFIED NATURAL GAS CONF., UTH, (PROC. OF,
SESSION VI) ALGIERS, ALGERIA, JON 2U-7, 197U. PAPER3" 8
PUBLISHER -
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-ABSTRACT-
THIS P A P E R SETS FORTH T H E M A J O R E N V I R O N M E N T A L CONCERNS E N C O U N T E R E D
IN THE PRODUCTION, T R A N S P O R T A T I O N , S T O R A G E AND REVAPORIZATION OF
LNG AND PROVIDES A METHOD OF A N A L Y Z I N G AND EVALUATING THE
E N V I R O N M E N T A L PROBLEMS. IT LISTS E N V I R O N M E N T A L FACTORS IN SITING
L N G FACILITIES, E N V I R O N M E N T A L R E G U L A T O R Y T R E N D S , SPECIAL
E N V I R O N M E N T A L FACTORS OF LNG FACILITIES O P E R A T I O N S , AND
S I G N I F I C A N T SAFETY ASPECTS TO BE CONSIDERED - INCLUDING A R E S U M E
OF F U R T H E R RESEARCH TO BE U N D E R T A K E N IN THE LATTER R E G A R D .
-PERTINENT FIGURES-
T A B . 1B SOME TYPICAL RESPONSE PROPERTIES OF LNG, PAGE 13//FIG.1
A B B R E V I A T E D O U T L I N E O F E N V I R O N M E N T A L R E P O R T F O R L N G FACILITIES,
P A G E 16
-BIBLIOGRAPHY-
H A L L S , W . L . , L N G . A FIRE SERVICE A P P R A I S A L , FIRE J O U R N A L , N E P A ,
J A N . 1972// G O N D O U I N , M . A N D H U R A T , F . , T R A N S P O R T A T I O N A N D S T O R A G E
OF L N G , CHE II. AND E N G . P R O G . VOL 68, 71-76 ( 1 9 7 2 ) / / D R A K E ,E . S .,
G E I S T , J . n . ' A N D S M I T H , K . A . , P R E V E N T L N G ROLLOVER, H Y D R O C A R B O N
P R O C E S S I N G , M A R . , , 1973, PP 87-90//KOB ER, D. AND M A R T I N , E . , SAFETY
ASPECTS; OF LNG T R A N S P O R T A T I O N WITH SPECIAL C O N S I D E R A T I O N OF I N L A N D
W A T E R W A Y S A N D COASTAL PORTS, T H I R D I N T E R N A T I O N A L C O N F E R E N C E O F
E X H I B I T I O N O N L N G r SEPT. 1972//FAY,J.A. A N D M A C K E N Z I E , J . J . , COLDC A R G O , E N V I R O N M E N T , VOL 14, NO. 9, PP 21-29, N O V E M B E R
1972 / /FAY,J .A . , U N U S U A L F I R E H A Z A R D O F L N G T A N K E R SPILLS,
C O M B U S T I O N S C I E N C E AND T E C H N O L O G Y , VOL. 7 , 1973
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
N.OS C O R P . , ROCKVILLE, MD.
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III. STORAGE. A. MINED C A V E R N S , B. CRYOGENIC I B G R O O N D
STORAGE
-ABSTRACT-
THIS SECTION OF THE AGA LNG I N F O R M A T I O N BOOK DISCUSSES CRYOGENIC
I N G R O U N D STORAGE CONCEPTS - M I N E D C A V E R N S AND F R O Z E N HOLES -
C O V E R I N G SUCH ITEMS AS M A T E R I A L S AND METHODS OF CONSTRUCTION,
I N F L U E N C E OF SITE CHARACTERISTICS, T H E R M A L ASPECTS, OPERATING
T E C H N I Q U E S , AND M A I N T E N A N C E . A D V A N T A G E S AND D I S A D V A N T A G E S OF THIS
T Y P E OF S T O R A G E ARE P R O V I D E D AS WELL AS DETAILS OP P E R F O R M A N C E OF
E X I S T I N G I N S T A L L A T I O N S .
-PERTINENT FIGURES- .
T A B . 3 T H E B K A L C O N D U C T I V I T Y OF R O C K S / / T A B . U COHPRESSIVE STRENGTH OF
ROCKS// T A B . 5 P H Y S I C A L P R O P E R T I E S OF G R A N I T E AND GLACIAL TILL AT
T E N N E S S E E GAS LNG FACILITY SITE//FIG.21 C A V E R N STORAGE OF
L I Q U E F I E D N A T U R A L GAS AS C O N C E I V E D BY IGT//FIG.28 CIG S T O R A G E U N I T
FOR T R A N S C O N T I N E N T A L GAS P IPELINE CORPORATION//FIG.31 SECTION T H R U
T E N N E S S E E G A S P IPELINE L N G STORAGE R E S E R V O I R
-•BIBLIOGRAPHY-'
T O C H E , J . , U N D E R G R O U N D S T O R A G E OF LIQUID ' M E T H A N E . THEORETICAL
S T U D Y , L A B O R A T O R Y AND PILOT P L A N T TEST, COMPTE R E N D U DU C O N G R E S DE
L I N D U S T R I E DU GkZ 78,, 683-706 (1961)//BECHTOL, M. G. , CONSTRUCTION
O F B E L O W G R O U N D R E S E R V O I R S F O R T H E S T O R A G E O F LIQUEFIED N A T U R A L
GAS, P R E S E N T E D AT THE A M E R I C A N GAS 'ASSOCIATION PRODUCTION
C O N F E R E N C E , B A L T I M O R E , M A R Y L A N D ( M A Y 23-24, 1966) / /KHAN , A .R . ,
A N D E R S O K , P . J . A N D S A K I K , B . E . , C A V E R N STORAGE O F L I Q U E F I E D N A T U R A L
G A S , P R E S E N T E D AT THE 7TB t fORLD PETROLEUM C O N F E R E N C E IN MEXICO
CITY, M E X I C O , A P R I L 2-7, 1967//BRESSON,H. , C A V E R N S T O R A G E OF
L I Q U E F I E D N A T U R A L GAS, PAPER CEP-62-12, O P E R A T I N G SECTION,
A M E R I C A N G A S A S S O C I A T I O N , 1 9 6 2 / / K H A N , A . R . A N D E A K I N , B . E . , RECENT
D E V E L O P M E N T S IN LNG STORAGE SYSTEMS, PAPER P R E S E N T E D AT FIRST
I N T E R N A T I O N A L C O N F E R E N C E O N P E T R O L E U M A N D T H E S E A , M O N A C O , H A Y
12-30 , ' 1965
-SOURCE INFORMATION-
J O U R N A L P R O C E E D I N G S -
LNG I N F O R M A T I O N BOOK 1973, 23-33 (1973)
P U B L I S H E R -
AMERICAN GAS ASSOCIATION, ARLINGTON, VA.
OTHER INFORMATION--
0011 PAGES, 0013 FIGURES, 0003 TABLES, 0025 REFERENCES
192
key 19963
STORAGE OF L . N . G . IN METALLIC CONTAINERS
by
H A H D A L E , J. K. S.
03/00/69
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D/Unrestricted Unlimited S u m m a r y Good/Excel.
-ABSTRACT-
THE OBJECT OF THIS PAPER IS TO SHOW THAT DOUBLE HALL METALLIC LNG
TANKS CAN BE BUILT LARGER THAN HITHERTO TO GIVE A SAFE AND
ECONOMICAL UNIT. VALUABLE EXPERIENCE CAN BE DERIVED FROH THE
DESIGN AND CONSTRUCTION OF LARGE OIL STORAGE TANKS.
-PERTINENT FIGURES--
FIG.1 G E N E R A L A R R A N G E M E N T O F C O N V E N T I O N A L DOUBLE W A L L L N G T A N K ,
P A G E U53// FIG. 2 G E N E R A L A R R A N G E M E N T OF LNG T A N K WITH SUSPENDED
ROOF, P A G E U54//FIG.3 G E N E R A L A R R A N G E M E N T OF LNG T A N K W I T H
E X T E B N A I L Y PRESSURIZED SUSPENDED. ROOF, PAGE 455//FIG.4 TYPICAL
RADIAL DISPLACEMENT OF LNG T A N K SHELL AT -160 DEGREES C, PAGE U56
-BIBLIOGRAPHY-
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L O N D O N , E N G L A N D , MAR 25-8, 1969
PUBLISHER -
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E N T R Y EVAL.
Good/Excel.
-ABSTRACT-
IT IS E V I D E N T F R O M THE MATERIAL PRESENTED IN THIS PAPEE THAT THE
I N C L U S I O N OF SOIL INTO THE CONCEPT OF LNG S T O R A G E TANK F O U N D A T I O N
KAY B R I N G ABOUT C O N S I D E R A B L E S A V I N G S IN THE COST OF E N E R G Y OR IN
THE COST OF BOTTOM I N S U L A T I O N . THIS IS BECAUSE THE LOWER THE
T E M P E R A T U R E AT THE INSULATION LEVEL IS, THE S M A L L E R IS THE
E V A P O R A T I O N LOSS. H E N C E S M A L L E R CAN BE THE E X P E N S I V E INSOLATION AT
THE BOTTOM. U N D E R C E R T A I N CIRCUMSTANCES IT IS E V E N POSSIBLE TO
OMIT H E A T I N G AT THE BOTTOM ALTOGETHER. A PRECONDITION FOR THIS
H O W E V E R IS AN EXACT K N O W L E D G E OF THE SOIL CONDITIONS AND THEIR
COEFFICIENTS OF T H E R M A L CONDUCTIVITY. A B O V E ALL ONE HAS TO K N O W IF '
T.HE F O R M A T I O N OF ICE LENSES IS POSSIBLE, I.E.. W H E T H E R L A Y E R S
SUSCEPTIBLE TO FROST ACTION AND THE SUPPLY O'F W A T E R N E C E S S A R Y FOR
THE G R O W T H OF ICE L E N S E S ARE P R E S E N T . IN ADDITION THE POSITION AND
THE T H I C K N E S S OF T H E S E L A Y E R S ARE OF INTEREST.
-PERTINENT FIGURES-
FIG. 2 DEPTH OF FROST P E N E T R A T I O N W I T H O U T BOTTOM
F U N C T I O N OF T A N K R A D I U S AND THE T E M P E R A T U R E OF
P A G E 412//FIG.4 D E P T H OF FROST P E N E T R A T I O N W I T H
AS A F U N C T I O N OF COEFFICIENT OF H E A T T R A N S M I S S
P A G E U16 / /F IG .4A DEPTH OF FROST P E N E T R A T I O N WITH
AS A F U N C T I O N OF T A N K R A D I U S , P A G E U17//FIG.6
E N E R G Y BECAUSE OF UTILISATION OF SOIL HEAT AS
R A D I O S , F A G S M 1 8
INSULATION AS A
T H E T A N K M E D I A ,
BOTTOM I N S U L A T I O N
ION OF I N S U L A T I O N ,
BOTTOM I N S U L A T I O N
REDUCTION IN HEAT
A FUNCTION OF TANK
-SOURCE I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
L I N D E A . G . , M U N I C H , WEST G E R M A N Y
J O U R N A L P R O C E E D I N G S -
LIQUEFIED N A T U R A L GAS I N T E R N A T I O N A L CONF. , 394-418, (PROC.
OF) L O N D O N , E N G L A N D , MAR 25-8, 1969
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- A B S T R A C T -
T H E D A Y T H A T L N G HILL B E T R A N S P O R T E D O V E R M E D I U M A N D L O N G
D I S T A N C E S B Y P I P E L I N E A P P E A R S T O B E D R A W I N G CLOSER. T H E R A P I D
A D V A N C E S I N T H E FIELD O F C R Y O G E N I C S I N R E C E N T Y E A R S H A V E P R O V I D E D
T H E M A T E R I A L S , T H E I N S U L A T I O N , A N D T H E B A S I C C O N F I G U R A T I O N O F S U C H
A PIPELINE. THE P R O B L E M S T H A T R E M A I N ARE THOSE OF E C O N O M I C S ,
R E S E A R C H , AND DESIGN-. THIS P A P E R D E A L S WITH S O M E OF THE DESIGN
ASPECTS OF LNG PIPELINES OH A BROAD BASS AND O U T L I N E S SOME OF THE
EXISTING DESIGN A P P R O A C H E S A N D P A S T STUDIES INTO T H E FEASIBILITY
OF LNG PIPELINES. S O M E OF THE INTERESTING POSSIBILITIES FOR
F U R T H E R STUDY A R E P R E S E N T E D .
- P E R T I N E N T FIGUBES-
FIG.3-7 ISOTHERM D I S T R I B U T I O N A R O U N D A BURIED LNG
PIPELINE//FIG.3-8 ISOTHERM DISTRIBUTION A R O U N D A B U R I E D GAS-PHASE
PIPELINE
- B I 3 L I O G R A P H Y-
D U F F Y , A . R . , D A I N O R A , J . A H D A T T E R B U H Y , T . J . , M A T E R I A L S O F
CONSTRUCTION F O R U S E I N A N L N G PIPELINE, C A T A L O G U E N O . L . U O O O ( N E W
Y O R K A M E R I C A N GAS ASSOCIATION, 1 968) //I VANTSOV, 0. M. , PROBLEMS OF
LNG TRANSMISSION PIPELINE C O N S T R U C T I O N , PRESENTED AT THE
CONFERENCE ON LIQUEFIED N A T U R A L GAS OF THE I N T E R N A T I O N A L INSTITUTE
OF R E F R I G E R A T I O N AND THE BRITISH CRYOGENICS COUNCIL, L O N D O N , M A R C H
25-28, 1969/ /WALKER,G. , C O U L T E R , D . t t . AND SOOD,N. , LIQUEFIED
NATURAL GAS PIPELINES FOR AHTIC GAS R E C O V E R Y , PRESENTED AT THE
CONFERENCE ON LIQUEFIED N A T U R A L GAS OF THE I N T E R N A T I O N A L INSTITUTE
OF REFRIGERATION AND THE BRITISH CRYOGENICS COUNCIL, LONDON, M A R C H
25-28, 1969//COULTER,D.M., DESIGN CONSIDERATION FOR A LIQUEFIED
N A T U R A L GAS PIPELINE, IN A D V A N C E S IN CRYOGENIC ENGINEERING, VOL 15
( N E W Y O R K . PLENUM PUBLISHING CORP. , 1970)
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- A B S T R A C T -
O P E B A T I O N A L S A F E T Y A N D R E L I A B I L I T Y O F S E R V I C E O F L N G FACILITIES
H A V E BEEN O U T S T A N D I N G C H A R A C T E R I S T I C S 0? THE G R O W T H OF THE LNG
I N D U S T R Y SINCE 1959. THE P R I M E F A C T O R S B E H I N D THIS E N V I A B L E
RECORD A R E T H E E A R L Y D E F I N I T I O N A N D U N D E R S T A N D I N G O F T H E N A T U R E O F
L N G , T H E E S T A B L I S H M E N T A N D U T I L I Z A T I O N O F R E L E V A N T CODES, T H E
CASTING A N D O B S E R V A T I O N O F P E R T I N E N T Q U A L I T Y A S S U R A N C E P R O G R A M S ,
A N D T H E T H O R O U G H T R A I N I N G O F P L A N T O P E R A T I N G P E R S O N N E L . THIS P A P E B
DISCUSSES E A C H OF T H E S E FACTORS IN D E T A I L .
• • . . - • -PERTINENT F I G U R E S - .
T A B . 3 CODES AND S T A N D A R D S FOR LNG PACILITIES/ /TAB.5 COMPARISON OF
R E G U L A T I O N S , N A T I O N A L A N D STATE CODES A N D STANDARDS//!AB.7 TYPICAL
Q U A L I T Y CONTROL FACTOBS FOR LNG FACILITIES//TAB. 8 CRITICALITY
M A T R I X / / T A B . 9 M I N I M U M TEST A N D C O N T R O L H E Q U I R E M E N T S / / F I G . 3
E Q U I P M E N T QA/QC OPERATIONS LIST
- B I B L I O G R A P H Y -
BURGESS,D.S . , H U R P H Y , J . M . AND Z A B S T A K l S , W. G. , H A Z A R D S OF LHG
SPILLAGE IN M A R I N E T R A N S P O R T A T I O N , F I N A L REPORT OF INVESTIGATION
MIPR Z-70099-9-92317, U. S, B U R E A U OF M I N E S , PITTSBURGH, PA . ,
1970//BURGESS,D.S. A N D Z A B E T A K I S , M . G . , F I R E A N D EXPLOSION H A Z A R D S
ASSOCIATED WITH LIQUID N A T U R A L GAS. RI 6099, USBM, PITTSBURGH,
P A . , 1962/ /BURGOYNE,J .H. A N D R I C H A R D S O N , J . F . , F IRE A N D EXPLOSION
HISKS ASSOCIATED WITH LIQUID M E T H A N E , FUEL, VOL 27, NO. 2, 1918,
PP 37-42//ELLIOTT,M.A., ET A L . , REPORT ON THE INVESTIGATION OF THE
FIRE AT THE LIQUEFACTION, S T O R A G E , AND REGASIFICATION P L A N T OF THE
EAST OHIO GAS C O M P A N Y , C L E V E L A N D , OHIO, OCT. 20, 1944. RI 3867,
OSBM, PITTSBURGH, PA., 1946, 44 PP//PETERSON,J.B., MORIZUMI ,S . J . ,
A N D C A R P E N T E R , H . J . , T H E R M A L R A D I A T I O N F R O M STORED L N G RELEASE,
SESSION 5, PAPER 25, PROCEEDINGS, FIRST I N T E R N A T I O N A L CONFERENCE
ON LNG, INSTITUTE OF GAS T E C H N O L O G Y , CHICAGO, ILL., 1968//TRW
SYSTEMS GROUP, T H E R M A L R A D I A T I O N A N D OVERPRESSURES PROM
INSTANTANEOUS LNG RELEASE INTO THE A T M O S P H E R E . (PUB. 8-60015),
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J O U R N A L PROCEEDINGS -
A S M E PETROLEUM MECHANICAL E N G I N E E R I N G AND PRESSURE VESSELS
AND PIPING CONF., (PRES. AT) NEW ORLEANS, LA., SEP 17-21,
1972
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III. S T O R A G E . C. P R E S T R E S S E D CONCRETE T A N K S
-ABSTRACT-
THIS SECTION OF THE AGA LNG I N F O R M A T I O N B O O K DISCUSSES P R E S T R E S S E D
C O N C R E T E T A N K S - C O V E R I N G S U C H I T E M S A S M A T E R I A L S A N D METHODS O F
C O N S T R U C T I O N , I N F L U E N C E O F SITE C H A R A C T E R I S T I C S , T H E R M A L ASPECTS,
O P E R A T I N G T E C H N I Q U E S , A N D M A I N T E N A N C E . A D V A N T A G E S A N D
D I S A D V A N T A G E S O F THIS T Y P E O F S T O R A G E A R E P R O V I D E D A S WELL A S
DETAILS OF P E R F O R M A N C E OF E X I S T I N G I N S T A L L A T I O N S .
- P E R T I N E N T FIGURES-
FIG.36 BELOW G R O U N D PRESTHESS E D C O N C R E T E L N G S T O R A G E D E M O N S T R A T I O N
TANK/ / FIG.38 V A R I O U S P R E S T R E S S S D C O N C R E T E L N G S T O R A G E T A N K
CONFIGURATIONS/ /FIG.41 . T E X A S E A S T E R N T R A N S M I S S I O N C O M P A N Y
PRESTRESSED C O N C R E T E L N G S T O R A G E T A N K / / F IG.47 P H I L A D E L P H I A G A S
W O R K S P R E S T R E S S E D C O N C R E T E L N G S T O R A G E T A N K / / F I G . U 9 PHILADELPHIA
ELECTRIC C O M P A N Y PRSSTRESSED D I K E A N D I N S U L A T E D M O A T
-8IBLIOGHAPHY-
D U F F Y , A . R . AND SHOUP,A.J . , 600 ,000-BBL LNG T A N K TO USE I N T E R N A L
INSOLATION, FLEXIBLE LINER, OIL AND GAS JOURNAL, PART 1 (AUGUST 1,
1966) , PART 2 (AUGUST 8, 1 966) / /2AKIN, B. E.', B A I R , W . G . ,
CLOSNE8,J.J . AND H A R O T I , R . , B E L O W - G R O U N D STORAGE OF LIQUEFIED
N A T U R A L GAS IN PRESTRESSED. C O N C R E T E T A N K S , INSTITUTE OF GAS
TECHNOLOGY TECHNICAL REPORT »O. 8 ( C O V E R I N G PROJECT PB-35, PB-35A,
AND PE-35A SPONSORED BY A. G. A. AND PARTICIPATING COMPANIES) (1963)
JOLY//CLOSNER,J .J . , PRESTRESSED C O N C R E T E S T O R A G E T A N K S FOR L N G ,
DISTRIBUTION C O N F E R E N C E PROCEEDINGS, A M E R I C A N G A S ASSOCIATION, M A Y
8, 1968 / / M O N F O R E , G . E . AND L E N T Z , A . E . , P H Y S I C A L PROPERTIES OF
CONCRETE A T V E R Y L O W T E M P E R A T U R E S , P O R T L A N D C E M E N T ASSOCIATION
R E S E A R C H BULLETIN NO. 145, CHICAGO, ILLINOIS, THE ASSOCIATION,
1962//CLOSNER,J. J . , P R E S T H E S S E D C O N C R E T E D I K E S Y S T E M S FOR LNG
S T O R A G E C O N T A I N E R S , A . G . A . D I S T R I B U T I O N C O N F E R E N C E , CHICAGO ( M A Y
12, 1971)//CLOSNER,J.J . , V E R Y L A R G E P R E S T R E S S E D CONCRETE T A N K S FOR
LUG STORAGE, SECOND I N T E R N A T I O N A L C O N F E R E N C E AND EXHIBITION ON
LIQUEFIED N A T U R A L GAS, SESSION 3, PARIS (OCTOBER 19-23, 1970)
-SOURCE INFORMATION-
J O O R H A L PROCEEDINGS -
LNG I N F O R M A T I O N BOOK...1973, 33-45 (1973)
PUBLISHER -
A M E R I C A N GAS ASSOCIATION, A R L I N G T O N , VA.
OTHER INFORMATION -
0013 PAGES, 0018 FIGURES, 0000 TABLES, 0009 REFERENCES
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keys 20001 through 20006
III. STORAGE. D. A B O V E G R O U N D HETAL LNG TASKS
-ABSTRACT-
THIS SECTION OF THE AGA LNG INFORMATION BOOK DISCUSSES ABOVEGROOND
M E T A L LNG TANKS - BOTH L A R G E AND SMALL - C O V E R I N G SDCH ITEMS AS
M A T E R I A L S AND METHODS OF CONSTRUCTION, INFLUENCE OF SITE
CHARACTERISTICS, T H E R M A L ASPECTS, OPERATIONS, AND M A I N T E N A N C E . AN
EIGHTEEN FIGURE PHOTO DISPLAY IS INCLUDED DEPICTING IN
STEP-BI-STEP S E Q U E N C E THE ERECTION OF A TYPICAL L A R G E HETAL LNG
S T O R A G E T A N K FROM THE G R O U N D UP.
T A B . 7 A L L O W A B L E D E S I G N
A P I S T A N D A R D 620,
ILLUSTSATION/ /F IG .80
- P E R T I N E N T FIGURES-
STRESSES FOR PLATE
A P P E N D I X Q LNG
I L L U S T R A T I O N OF
A N D S T R U C T U R A L
TANKS//FIG.57
RESILIENT
FUBCTIOH/ /FIG.81 TYPICAL SHOP-FABRICATED T A N K SIZES AND
SYSTEES//FIG.82 TYPICAL A R R A N G E M E N T FOR A U T O M O T I V E FUEL
U S I N G L N G






* - - ' '
J O U R N A L PROCEEDINGS - . .
LNG I N F O R M A T I O N B O O K . . . 1 9 7 3 , U5-62 (1973)
P U B L I S H E R -
A M E R I C A N G A S ASSOCIATION, A R L I N G T O N , V A .
OTHER I N F O R M A T I O N -
0018 P A G E S , 0032 FIGUf iES , 0002 TABLES, 0000 R E F E R E N C E S
200
keys 20007 through 200.09
IV. LNG PUMPOUT AND REGASIFICATION
-ABSTRACT-
HEGASIFICATION OF THE STORED LIQUID N A T U R A L GAS IS THE F I N A L STEP
IN THE O P E R A T I O N OF AN LNG FACILITY. THE R E G A S I F I C A T I O N OR
V A P O R I Z A T I O N IS ACCOMPLISHED BY THE A D D I T I O N OF H E A T F R O M A M B I E N T
A I R , A M B I E N T H A T E R , I N T E G R A L - F I R E D O R R E M O T E - F I R E D V A P O R I Z E R S .
THIS SECTION OF THE AGA LNG I N F O R M A T I O N BOOK DESCRIBES THE V A R I O U S
T Y P E S O F V A P O R I Z E R S A L O N G W I T H T H E I R A D V A N T A G E S A N D D I S A D V A N T A G E S ,
AND ALSO DISCUSSES POMPS USED TO FEED THE V A P O R I Z E R S .
- P E R T I N E N T FIGURES-
FIG. 83 SIMPLIFIED FLOW D I A G R A M OF TYPICAL LNG VAPORIZER
SYSTEM//FIG.88 D I A G R A M A T I C CROSS-SECTION OF DIRECT-FIRED
C O N V E C T I V E HEAT E X C H A N G E R ( B L A C K , SIVALLS A N D B R Y S O N U N I F L U X
DESIGN)/ /FIG.91 S U B M E R G E D C O M B U S T I O N LNG VAPORIZER/ /F IG . 93
I N T E R M E D I A T E FLUID LNG V APORIZ ER//FIG. 96 W A T E R - B A T H V A P O R I Z E R S
USED A T C A N V E Y ISLAND//FIG.97 A M B I E N T A I R V A P O R I Z E R ( S A N DIEGO G A S
A N D ELECTRIC C O M P A N Y )
-SOURCE I N F O R M A T I O N -
J O U R N A L PROCEEDINGS - .
LNG I N F O R M A T I O N BOOK. 63-71 (1973)
PUBLISHER -
A M E R I C A N GAS ASSOCIATION, ARLINGTON, VA.
OTHER INFORMATION - .
0009 PAGES, 0015 FIGURES, 0000 TABLES, 0000 R E F E R E N C E S
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keys 20010 through 2001U
V. T R A N S P O R T A T I O N OF LNG
-ABSTRACT-
THIS SECTION OF THE A6A LNG INFORMATION BOOK DESCRIBES THE VARIOUS
MODES OF LNG T R A N S P O R T - M A R I N E TRANSPORTATION AND OVERLAND
TRANSPORTATION ( T A N K TRUCKS, T A N K CARS, AND PIPELINES). DESIGNS OF
T Y P I C A L TRANSPORT SYSTEMS ARE PRESENTED AND SOME ECONOMIC
C O M P A R I S O N S ARE M A D E . DETAILS OF THE T H I R T E E N LNG T A N K E R S IN
C O M M E R C I A L O P E R A T I O N ON J A N U A R Y 1 , 1972 ARE G I V E N .
-PEBTINENT FIGURES-
T A B . 6 LHG COB.IERS//FIG.98 CROSS-SECTION OF THE M E T H A N E P I O N E E B
A N D T A N K DETAILS/ /FIG.99 CROSS-SECTION O F T H E BRITISH M E T H A N E
T A N K E R S AND DETAILS// FIG.101 CROSS-SECTION OF THE JULES
V E R N E / / F I G . 102 C O N S T R U C T I O N P R I N C I P L E OF THE W A L L OF AN I N V A R
M E M B R A N E TANK//FIG. 106 FLOW S C H E M A T I C FOR LIQUID M E T H A N E TRAILER
-BIBLIOGRAPHY-
D U F F Y , & „ ! ? „ A N D D A I S O R A , J . , E 8 G I N E E R I N G STUDIES I N T O POSSIBILITIES
FOB I.RG . PPPSLTNE, P I P E L I N E I N D U S T R Y ( A U G . , 19'67 ) / / D U F F Y , A. Ri AND
E I B E R r R . . J . , F R A C T U R E B E H A V I O R IN PIPE P R E S S U R E D WITH L N G ,
P R O C E E D I N G S O F FIRST C O N F E R E N C E O N N A T U R A L G A S R E S E A R C H A N D
T E C H N O L O G Y , S P O N S O R E D BY A M E R I C A N GAS ASSOCIATION AND INSTITUTE OF
GAS T E C H N O L O G Y , SESSION II , P A P E R 1, ( F E B R U A R Y 28 TO M A R C H 3,
197.1 ; / / ? A S T a H O V , A . V. „ TKE T R A N S P O R T A T I O N OF LNG BY SHIP, A D V A N C E S
IN C R Y O G E N I C S K G I N E E R I N G , V. 12 , P R O C E E D I N G S OF THE 1966 C R Y O G E N I C
E N G I N E E R I N G C O N F E R E N C E , U N I V . O F C O L O R A D O / / C H A T T E R J E E , N . A N D
G E I S T , J . E . , E F F E C T S 0? S T R A T I F I C A T I O N ON BOIL-OFF RATES IN LNG
T A N K S / i . G . f c . D I S T R I B U T I O N C O N F E R E N C E , A T L A N T A , G A . ( M A Y , 1972)
D - 2 1 5 , O P E R A T I N G SECTION PROCEEDIHGS//S A E S T E N , J . A. , LNG
S T K & T T F I C A T I O f t AND R O L L O V E R , A. G. A. D I S T R I B U T I O N C O N F E R E N C E - ,
A T L A N T A , G A , ( B A Y , 1972) D - 2 2 U , O P E R A T I N G SECTION 1
F S O . C E E D I N G 5 / / M A K S R , J-. B. AND VAN GEL.D.ER , L . R . , U N D E R S T A N D I N G
EOLLOVi: ! - A B D TliL'Hf ' .AL O V E R F I L L I N FLAT BOTTOM L H G T A R K S , A . G . A .
DIST: : : I5UT1CK C O N F E R E N C E , A T L A N T A , G A . ( K A Y , 1972) D-251, O P E R A T I N G
S E C r l O K P R O C E E D IJvGS
- S O U R C E I N F O B M A T I O N -
J O U S N f e l . F H O C S E D I f l G S - •
ING I N F O R M A T I O N BOOK 1973, 72-81 (1973)
-PUB LI S H E W -
A f i E K I C A N G A S A S S O C I A T I O N , A R L I N G T O N , V A .
O T H E R I N F O R M A T I O N -
0010 P A G E S , 0011 FIGUSES, 0001 TABLES, 0026 R E F E R E N C E S
202
.keys 20015 through 20018






A C O M P A N Y WHICH IS C O N S I D E R I N G THE CONSTRUCTION OF A LIQUEFIED
N A T U R A L GAS P L A N T W I L L H A V E M A D E A P R E L I M I N A R Y I N V E S T I G A T I O N OF
ITS ECONOMIC FEASIBILITY, THE N E X T STEP WILL I N V O L V E A MOKE
D E T A I L E D E V A L U A T I O N . TO ASSIST IN THIS E V A L U A T I O N , THE LIST
PROVIDED IN THIS D O C U M E N T OFFERS A GUIDE TO THE M A N Y ITEMS W H I C H
SHOULD BE C O N S I D E R E D , P A R T I C U L A R L Y FOR PROJECTS I N T E N D E D FOR
P E A K - L O A D S H A V I N G . SOME OF THE ITEMS SHOWN HAY NOT APPLY TO A
SPECIFIC PROJECT, H O W E V E R , THIS LIST IS I N T E N D E D TO E N C O M P A S S
MOST, IF NOT ALL, OF THE ITEMS ASSOCIATED WITH S U C H PROJECTS.
-SOURCE INFORMATION-
JOUBNAL PROCEEDINGS -
LNG INFORMATION BOOK. ..1973, 82-5 (1973)
PUBLISHER -
AMEHICAN GAS ASSOCIATION, ARLINGTON, VA.
OTHEB INFORMATION -
0004 PAGES, 0000 FIGURES, 0000 TABLES, 0000 REFERENCES
203
keys 18850 through 18855
LNG. A FISE SERVICE APPRAISAL PART 1
by
H A L L S , W . L .
01/00/72
SECURITY CLASS ACCESS L E V E L REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited State Of Art Good/Excel.
-ABSTRACT-
THIS IS P A R T 1 OF A THO-PART ARTICLE BY MR. HALLS. IN THE FIRST
P A R T HE HAS DIVIDED HIS ATTENTION ALMOST E Q U A L L Y B E T W E E N THE
H A Z A R D PROPERTIES OF LNG AND CONTROL OF LNG H A Z A R D S . DNDER THE
FIRST TOPIC IS DISCUSSED THE V A P O R I Z I N G CAPABILITIES OF V A R I O U S
S U B S T A N C E S ( E A R T H , W A T E R AND AIR) AND THE VAPORIZATION R A T E S OF
LNG IN CONTACT WITH THESE M A T E R I A L S . THE SIGNIFICANCE OF THE
E V O L V E D GAS T E M P E R A T U R E - D E N S I T Y RELATIONSHIP IS M E N T I O N E D AS IT
R E L A T E S TO B U O Y A N C Y OF THE VAPOR CLOUD EVOLVING FROM A SPILL OR
SOHS OTHER R E L E A S E MECHANISM. F L A M M A B I L I T Y LIMITS OF M E T H A N E IN
A I R . ARE LISTED, AND THE .RESULTS .OF E X P E R I M E N T A L LNG SPILLS AND
S U B S E Q U E N T F L A M M - A B L E M I X T U R E D O W N W I N D T R A V E L DISTANCES A R E
R E C O R D E D . FLAME AND COMBUSTION CHARACTERISTICS OF I G N I T E D LNG AND
ITS V A P O R CLOUD ARE DISCUSSED - E.G., COMBUSTION R A T E OF A B U R N I N G
POOL OF L N G , F L A M E HEIGHT O V E R THE POOL, T H E R M A L RADIATION FROM
THE F L A K E AS C O M P A R E D TO B U R N I N G GASOLINE, ETC. U N D E R CONTROL OF
L N G H A Z A R D S , T H E A U T H O R R E C A L L S T H E DISASTEROUS L N G S T O R A G E T A N K
F A I L U R E I N C L E V E L A N D ( 1 9 U U ) , T H E P R O B A B L E C A U S E O F T H A T F A I L U R E ,
A t f D T H E S U B S E Q U E N T STEPS T A K E N B Y T H E N A T I O N A L F I R E PROTECTION
A S S O C I A T I O N (BY W H O M HE IS E M P L O Y E D ) TO P R E V E N T SUCH O C C U R R E N C E S
T O D A Y . HE A C K N O W L E D G E S T H A T F A I L U R E OF A PIPING S Y S T E M OR
E Q U I P M E N T - I S M O R E LIKELY T O OCCUR T H A N T H A T O F A N L N G C O N T A I N E R
AND SETS F O R T H C E R T A I N G U I D E L I N E S FOR THE DESIGN OF SUCH S Y S T E M S .
THE E N T I R E ARTICLE IS W E L L W R I T T E N AND G E N E R A L L Y C O N S I D E R E D
V A L U A B L E FOR THE A P P R E C I A B L E A M O U N T OF I N F O R M A T I O N PRESENTED. IT
H £ S B E E N W I D E L Y R E F E R E N C E D I N LATER P U B L I C A T I O N S B Y N U M E R O U S
A U T H O R S .
- P E R T I N E N T FIGURES-
TAB. 1 A P P R O X I M A T E PROPERTIES OF L N G , P A G E 233
-BIBLIOGRAPHY-
NFPA NO. 59 A S T A N D A R D / / F I R E AND EXPLOSION H A Z A R D S ASSOCIATED WITH
L I Q U E F I E D N A T U R A L GAS, R.I . 0099 (1962) , AND H A Z A R D S ASSOCIATED
WITH THE SPILLAGE OF LIQUEFIED N A T U R A L GAS ON W A T E R , R.I. 7 U U 8
(1970}//HFPA, C L E V E L A N D GAS EXPLOSION AND FIRE, REPORT UNF-7
. 204
(BOSTON. N F P A , 1944) , E I G H T PAGES, 35 C E N T S / / R E F R I G E R A T E D
LIQUEFIED PETROLEUM GAS PLANT FIRE, NFPA Q U A R T E R L Y , VOL 57, NO. 1
(JULI 1963) , PP 89-94
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
N A T I O N A L FIRE PROTECTION ASSOCIATION, BOSTON, M A S S .
REPORT N U M B E R -
AD-754326
J O U R N A L P R O C E E D I N G S -
• FIRE J. VOL 66 ( J A N 1972) (PEOC. OF THE LSG I M P O R T A T I O N AND
T E R M I N A L SAFETY C O N F . , 230-7 , B O S T O N , M A S S . , JUN 13-4, 1972)
OTHER I N F O R M A T I O N -
0006 PAGES, 0003 F IGURES, 0001 TABLES, 0004 REFERENCES
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keys 18856 through 18864




SECURITY CLASS ACCESS L E V E L REPORT CLASS ENTRY EVAL.
U/Unrestricted NTIS Summary Good/Excel.
-ABSTRACT-
THIS PAPER R E C O U N T S SOME OF THE M O R E V A L U A B L E LESSONS L E A R N E D AND
E X P E R I E N C E G A I N E D BY CONCH M E T H A N E SERVICES IN THE DESIGN,
C O N S T R U C T I O N A N D OPERATION O F L N G T A N K E R S .
-SOURCE INFORMATION-
CORPORATE SOURCE ->
CONCH M E T H A N E SERVICES, LTD., L O N D O N , E N G L A N D
REPORT N U M B E R - . • .
AD-75U326 •
J O U R N A L PROCEEDINGS -
LNG I M P O R T A T I O N AND T E R M I N A L SAFETY CONF., 242-7, (PROC. OF)
BOSTON, MASS. , JUN 13-4, 1972
OTHER I N F O R M A T I O N -
0006 PAGES, 0000 F I G U R E S , 0000 TABLES, 0000 R E F E R E N C E S
206
keys 18865 through 18871
SUMMATION AND CRITIQUE OF TECHNICAL KNOWLEDGE FOE THE SAFE
HANDLING AND SHIPMENT OF LNG
by
B U R G E S S , D . S .
06/00/72
S E C U R I T Y CLASS ACCESS L E V E L R E P O R T C L A S S E N T R Y E V A L .
D/Unrestricted NTIS S u m m a r y Good/Excel.
- A f l S T R A C T -
THIS PAPER S U M M A R I Z E S A P A N E L D I S C U S S I O N ON V A R I O U S ASPECTS OF
S T O R A G E , S A F E H A N D L I N G A N D S H I P P I N G O F L N G G I V E N A T T H E L N G
I M P O R T A T I O N A N D T E R M I N A L S A F E T Y C O N F E R E N C E I N BOSTON, MASS. O N
JU N E 13-14, 1972. TOPICS I N C L U D E D A R E L N G SPILLS ( B O T H O N L A N D A N D
W A T E R ) , L N G POOL S P R E A D I N G R A T E S , V A P O R D I S P E R S I O N A N D P L U M E
CHARACTERISTICS, R O L L O V E R , S T R A T I F I C A T I O N A N D M I X I N G O F L N S I N
STORAGE T A N K S , G E Y S E R I N G I N V E R T I C A L S T O R A G E T A N K FILL LINES,
I G N I T I O N , EXPLOSIONS A N D D E T O N A T I O N S O F F L A M M A B L E M I X T U R E S O F
H Y D R O C A R B O N S AND A I R , ETC. C O V E R A G E OF THESE TOPICS BY THE PANEL
AND " P A R T I C I P A T I O N BY EXPERTS IN THE A U D I E N C E . I N - S Q M E OF TH-ESE
A R E A S C U L M I N A T E D I N A N A B B R E V I A T E D B U T V E R Y I N T E R E S T I N G PAPER.
- S O U R C E I N F O R M A T I O N -
COBPOBATE SOURCE -
B U R E A U OF MIMES, PITTSBURGH, PA.
REPORT N U M B E R -
AD-754326
J O U R N A L PROCEEDINGS -
L N G I M P O R T A T I O N A N D T E R M I N A L S A F E T Y C O N F . , 143-52, (PROC. O F )
BOSTON, MASS. , JUN 13-4, 1972
OTHER I N F O R M A T I O N -
0010 PAGES, 0000 FIGURES, 0000 T A B L E S , 0000 R E F E R E N C E S
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S U M M A R Y , QUESTIONS AND A N S W E R S FOLLOWING PRESENTATIONS BY




SECURITY CLASS ACCESS L E V E L REPORT CLASS ENTRY E7AL.
U/Unrestricted NTIS S u m m a r y Good/Excel.
-ABSTRACT-
THIS BRIEF REPORT D O C U M E N T S THE QUESTION AND A N S W E R PERIOD
F O L L O W I N G P R E S E N T A T I O N O F S E V E R A L PAPERS O N L N G T E R M I N A L DESIGN
A N D E X P E R I E N C E A N D ; T H E D.S. COAST GUARDS R O L E I N LPG/LNG
IMPORTATION - G I V E N AT THE LNG IMPORTATION AND T E R M I N A L SAFETY
C O N F E R E N C E IN BOSTON, MASS. ON J U N E 13-1«, 1972.
-SOURCE I N F O R M A T I O N -
R E P O R T N U M B E R . - ' • • ' • • ' - . ' •
AD-754326 •
J O U R N A L ' P R O C E E D I N G S - '
LNG I M P O R T A T I O N AND T E R M I N A L SAFETY C O N F . , 225-9. (PROC. OF)
BOSTON, MASS. , JUN 13-«, 1972
OTHER INFORMATION -
0005 PAGES, 0000 FIGURES, 0000 TABLES, 0000 REFERENCES
208
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PREDICT LNG FIRE RADIATION
B R O H N , L . £ .
W E S S O N , H . R .
• W E L K E R > J . R .
:
05/00/7U
SECURITY CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestricted Unlimited S u m m a r y Good/Excel.
-ABSTRACT-
THE DESTRUCTIVE EFFECTS OF LNG FIRES ON SURROUNDING PROPERTY
RESULTS PRINCIPALLY FROM RADIANT HEAT FROM THE FLAME ESTIMATING
THIS POTENTIAL FOR DAMAGE IS ESSENTIAL FOR BEST PLANT DESIGN,
INCLUDING DESIGN OF THE FIRE PROTECTION SYSTEM. THE REQUIRED
ESTIMATING TECHNIQUES HAVE BEEN IMPRECISE AND CUMBERSOME TO USE.
THIS PAPER PRESENTS A PSEUDO-THEORETICAL APPROACH WHICH PREDICTS
THE MAXIMUM RADIANT FLUX AS A FUNCTION OF DISTANCE AND AIR
VELOCITY. THE RESULTS WERE CORRELATED SUCCESSFULLY WITH THE
RESULTS OF LARGE SCALE LAND SPILL TESTS OF LNG PERFORMED UNDER
CONTRACT TO THE AMERICAN GAS ASSOCIATION .• THE SUCCESS OF THE
TECHNIQUE HINGES ON THE ABILITY TO ACCURATELY PREDICT THE SURFACE
FLUX OF THE FIRE.
- P E R T I N E N T FIGURES-
FIG. 1 COMPARISON OP PREDICTED AND M E A S U R E D R A D I A N T FLUXES, P A G E
1U1//FIG.2 R A D I A N T FLUXES FR051 A 100-FOOT LNG F I R E U N D E R C A L M
C O N D I T I O N S , P A G E 142// FIG. 3 M A X I M U M R A D I A N T F L U X E S D O W N W I N D F R O M
A 100-FOOT LNG FIRE, PAGE 1<*2// FIG. 4 C O M P A R I S O N OF M E A S U R E D F L A M E
HEIGHTS WITH THE PREDICTION OF T H O M A S , P A G E 1U3//FIG.5 M E A S U R E D
AND PREDICTED F L A M E A N G L E S FOR LNG F I R E S , P A G E 1 «*3 //FIG. 6 S U R F A C E
FLUXES FOR LNG FIRES, PAGE 1 H 3
- B I B L I O G R A P H Y -
A M E R I C A N GAS ASSOCIATION PROJECT IS- 3-1, PHASE II, CONSEQUENCES OF
LHG SPILLS ON L A N D , FINAL REPORT (1 974 ) //REIN, R. G. ,
SLIEPCEVICH,C. M. AND W E L K E R , J . R . , RADIATION VIEW FACTORS FOR
TILTED CYLINDERS, J. F IRE AND F L A M M A B I L I T Y , 1, 140
(1 970) //THOMAS, P. H. , THE SIZE OF FLAMES FROM N A T U R A L FIRES, N I N T H
I N T E R N A T I O N A L SYMPOSIUM ON COMBUSTION, A C A D E M I C PRESS, NEH YORK
(1963)/ /HELKER,J. R. AND S LIEPCEV ICH, C.M . , SUSCEPTIBILITY OF
POTENTIAL TARGET COMPONENTS TO DEFEAT BY T H E R M A L ACTION,
U N I V E R S I T Y OF O K L A H O M A R E S E A R C H INSTITUTE R E P O R T NO. OURI- 1 578-FE ,
N O R M A N , O K L A H O M A (1970) // W E S S O N , H . R . , H E L K E R , J . R. , BROWN, L. E. AND
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SLIEPCEVICH,C.M., FIGHT LNG FIHES WITH FOAM. HYDROCARBON
PROCESSING 52, 165 (OCT 1 973 ) //WESSON, H. R. , WELKER,J.R. ,
BROWN,L.E. AND SLIEPCEVICH, C. H. , FIGHT LNG FIRES WITH DRY
CHEMICALS, HYDROCARBON PROCESSING 52, 234 (N07 1973)
-SOURCE INFORMATION-
CORPORATE SOURCE -
UNIVERSITY ENGINEERS, INC., NORMAN, OKLA.
JOURNAL PROCEEDINGS -
HYDROCARBON PROCESS. VOL 53, NO. 5, 141-3 (MAY 1974}
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U/Unrestricted Sp. DataBank Incremental Acceptable
-ABSTRACT-
THIS INFORMATIONAL NOTE GIVES A REVIEW OF THE DATA AVAILABLE ON A
MOLECULAR SEAL BEING MARKETED BY JOHN ZINK CO. FOR INSTALLATION IN
FLARE STACKS. THE DEVICE IS INTENDED TO REDUCE THE AMOUNT OF PURGE
GAS REQUIRED TO SAFEGUARD THE STACK. THE COMPANYS RECOMMENDATIONS
FOR PURGE GAS REQUIRED WITH THE SEAL ARE ACTUALLY LARGER THAN
THOSE WITHOUT WHICH SEEMS RAIHER STRANGE. ASSUMING THIS IS REALLY
INCORRECT, THERE ARE STILL A NUMBER OF PROBLEMS WITH THIS SYSTEM,
SUCH AS 1) THE SEAL WOULD ACT AS A CONDENSER IN COLD WEATHER, 2)
THE DRAIN COULD FREEZE, 3) CORROSION COULD OCCUR WITH NO
INSPECTION MEANS PROVIDED, H) THE SEAL WILL RAISE THE PRESSURE IN
THE LINE-UPSTREAM. THE AUTHOR CONCLUDES THAT THE DEVICE IS NOT
JUSTIFIED FOR INSTALLATION IN ANY FLARE STACKS UNDER ANY KNOWN
CIRCUMSTANCES. . •
-PERTINENT FIGURES-
FIG. 1 MOLECULAR SEAL FOR FLARE STACKS, PAGE 5
-BIBLIOGRAPHY-
HUSA,H.W., HOW TO COMPUTE SAFE PURGE RATES, HYDROCARBON PROCESSING
AND PETROLEUM REFINER VOL U3, NO. 5, MAY 1964, PP 179-182
-SOURCE INFORHATION-
COBPORATE SOURCE -
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NUCLEATE AND FILM BOILING HEAT TRANSFER TO NITROGEN AND
M E T H A N E A T ELEVATED PRESSURES A N D L A R G E T E M P E R A T U R E
DIFFERENCES
by




S E C U R I T Y CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unl imi ted Incremental Good/Excel.
-ABSTRACT-
N U C L E A T E AND FILM BOILING D A T A , AS WELL AS C O N V E C T I V E HEAT
T R A N S F E R D A T A N E A R THE CRITICAL POINT, H A V E BEEN O B T A I N E D FOR
N I T R O G E N AT PRESSURES UP TO 800 PSIG AND T E M P E R A T U R E DIFFERENCES
DP TO 1000 DEGREES F AND FOR M E T H A N E DP TO 700 PSIG AND
T E M P E R A T U R E DIFFERENCES UP TO 700 DEGREES F. THE NITROGEN DATA
INCLUDE B U R N O U T H E A T F L U X M E A S U R E M E N T S UP TO 0.9 OF THE CRITICAL
P R E S S U R E . AN E M P I R I C A L .CORRELATION, B A S E D ON C O R R E S P O N D I N G STATES
T H E O R Y , PREDICTS THE T E M P E R A T U R E G R A D I E N T AT B U R N O U T FOR N I T R O G E N
R E M A R K A B L Y WELL. THE FILM BOILING CORRELATION- PROPOSED BY BREEN
AND H E S T H A T E R DOES NOT FIT THE DATA O B T A I N E D ON N I T R O G E N AND
M E T H A N E IN THIS STUDY. THE DISCREPANCY IS ATTRIBUTED TO BOTH THE
EFFECT OF P R E S S U R E AS HELL AS H E A T F L U X LEVEL, CLEARLY I N D I C A T E D
IK THIS S T U D Y . FOR C O N V E C I I V E HEAT T R A N S F E R A B O V E THE C R I T I C A L
P R E S S U R E , T H E H E A T F L U X A T A G I V E N T E M P E R A T U R E G R A D I E N T H A S F O U N D
TO BE I N D E P E N D E N T OF P R E S S U R E FOR B O T H N I T R O G E N AND M E T H A N E .
H I G H E R K E A T T R A N S F E R R A T E S A R E O B T A I N E D I N T H E C O N V E C T I V E R E G I O N
T H A N I N F I L M BOILING.
-PERTINENT FIGURES-
FIG. 3 N U C L E A T E BOILING DATA FOR N I T R O G E N , PAGE 520//FIG.U NUCLEATE
B O I L I N G D A T A F O R M E T H A N E , P A G E 520//FIG.9 F I L K B O I L I N G D A T A F O R
N I T R O G S N f P A G E 52U/ /FIG-10 FILM BOILING D A T A F O R M E T H A N E , P A G E
524//FIG.13 C O N V E C T I O N H E A T T R A N S F E R D A T A F O R N I T R O G E N ABOVE T H E
C R I T I C A L P R E S S U R E , P A G E 526//FIG. 1 < 4 CONVECTION H E A T T R A N S F E R D A T A
F O R M E T H A N E A B O V E T H E C R I T I C A L PRESSURE, P A G E 5 2 6
- B I B L I O G R A P H Y -
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A D V A N . CHYOG. ENG. VOL 11, 516-29 (1966) ( P R O C . OF C R Y O G E N I C
E N G I N E E R I N G C O N F . , 11TH, H O U S T O N , T E X . , AUG 23-5, 1965. P A P E R
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THE TRANSPORT OF LNG BY PIPE LINES. TECHNICAL AMD ECONOMIC
ASPECTS
by
C A R B O N E L L , E .









E N T R Y E V A L ,
Acceptable
-ABSTRACT-
IT HAS B E E N S U G G E S T E D THAT N A T U R A L GAS PIPE LINES MAY BE R E P L A C E D
BY SPECIAL PIPE LINES C A R R Y I N G L N G ? BY A L M O S T COMPLETELY
E L I M I N A T I N G THE R E C O M P R S SSION LOSSES, THIS METHOD OF
T R A N S P O R T A T I O N MAY BE MORE A D V A N T A G E O U S . THIS P A P E R P R E S E N T S THE
T H E R W O D Y N A M I C AND ECONOMIC ASPECTS OF THIS PROBLEM. IT HILL BE
S H O W N T H A T T H E T R A N S P O R T A T I O N O F L N G O V E R LONG DISTANCES, C A N N O T
BE ECONOMICALLY COMPETITIVE • WITH THE CLASSICAL PROCEDURE OF
T R A N S P O R T I N G N A T U R A L GAS IN THE GASEOUS STATE AT THE P R E S E N T ' S T A T E
OF CRYOGENIC TECHNOLOGY. IF LNG IS AVAILABLE WITHOUT COST AND THE
C U S T O M E R D E M A N D S N A T U R A L GAS ' IN LIQUID FORM (IN V I E W OF POSSIBLE
S T O R A G E OR FOR R E F R I G E R A T I O N P U R P O S E S ) , IT IS POSSIBLE TO CONSIDER
THE C O N S T R U C T I O N OF LNG PIPE LINES FOE T R A N S P O R T I N G N A T U R A L GAS
O V E R R E L A T I V E L Y SHORT DISTANCES.
- P E R T I N E N T FIGURES-
TAB. 1 O P T I M U M D I A M E T E R OF A LNG PIPE LINE AND D I S T A N C E B E T W E E N TWO
R E F R I G E R A T I N G STATIONS, P A G E 455//TAB.2 C O M P A R A T I V E T R A N S P O R T A T I O N
COSTS OF N A T U R A L GAS AND L N G , P A G E 455//FIG.1 T E M P E R A T U R E RISE IN
A N OPTIMIZED L N G PIPE L I N E , P A G E U56//FIG.2 D I S T A N C E B E T W E E N T W O
R E F R I G E R A T I N G STATIONS AS A F U N C T I O N OF D I A M E T E R , P A G E U56
- B I B L I O G R A P H Y -
A N D E R S O N , A . , O I L A N D G A S J . , ( F E B R U A R Y
7 5 / / I 7 T E R B E E K , A . V A N , V E R S E C K , 0 . - AND STAES,K. ,
(1963) / /ROSSINI ,F . D. , S E L E C T E D V A L U E S OF
8, 1965) , P.
P H Y S I C A 29 .742
P H Y S I C A L A N D
T H E R M O D Y N A M I C A L P R O P E R T I E S O F H Y D R O C A R B O N S A N D R E L A T E D
C A R N E G I E PRESS, P ITTSBURGH (1953)




SOCIETE L AIR LIQUIDE, S A S S E N A G E , F R A N C E
J O U R N A L PROCEEDINGS -
A D V A N . C R Y O G . E N G . VOL 12, U52-7 (1967) (PROC. OF CRYOGENIC
E N G I N E E R I N G CONF. , 12FH, BOULDER, COLO., JON 13-5, 1966.
PAPER F-5)
PUBLISHER -
P L E N U M PRESS, N E W YORK
OTHER I N F O B H A T I O N -
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RADIATION, HEAT FLUX, AND OVERPRESSURE IN LUG TAHKS
by
W E S T , H . H .












AN I M P O R T A N T P A R A M E T E R IN THE A N A L Y S I S OF LNG S T O R A G E FACILITIES
IS THE V A P O R BOIL-OFF RATE. SINCE C R Y O G E N I C FLUIDS ARE STORED AS
ESSENTIALLY S A T U R A T E D LIQUIDS, ANY CHANGES IN THE T A N K H E A T
T R A N S F E R CHARACTERISTICS OR S A T U R A T E D FLUID T H E R M O D Y N A M I C
CONDITIONS WILL C A U S E A C H A N G E IN BOIL-OFF RATE. THIS P A P E R
DISCUSSES THE FACTORS WHICH CONTROL THE TRANSIENT AS HELL AS THE
STEADY-STATE BOIL-OFF RATE, REVIEWS V A R I O U S M A T H E M A T I C A L MODELS
W H I C H ATTEMPT T O PREDICT T R A N S I E N T A N D S T E A D Y - S T A T E BOIL-OFF
R A T E S , AND CONCLUDES BY S T A T I N G THE N E E D FOR E X P E R I M E N T A L
V E R I F I C A T I O N OF THE T R A N S I E N T MODEL. " -
- P E R T I N E N T FIGURES-
T A B . 1 C O M P A R I S O N B E T W E E N PROPERTIES O F W A T E R A N D LIQUID M E T H A N E ,
P A G E 82// FIG. 1 HEAT T R A N S F E R TO LNG V E R S U S L I Q U I D L E V E L IN A
M O D E L LNG S T O R A G E T A N K , P A G E 79//FIG.2 EFFECT OF LIQUID LEVEL ON
LNG BOIL-OFF IN A M O D E L LNG S T O R A G E T A N K , PAGE 80//FIG.3 T R A N S I E N T
BOIL-OFF ' B A T E AS & F U N C T I O N OF I N S T A N T A N E O U S P R E S S U R E DROP IN A
600,000 B A R R E L L N G S T O R A G E T A N K , P A G E 8 1
- B I B L I O G R A P H Y -
C H U R C H I L L , S . H . , C H E M . E N G S . P R O G R . , 58 , 55 , {1962) / /NEILL,D.T. ,
H A S H E M I , H . T . AND SLIEPCEVICH ,C. M. , C H E M . E N G R . P R O G R . , 6U, 111,( 1 9 6 8 ) / / R A S H E K I , H . T , A N D W E S S O N , H . R . , H Y D R O . P R O C . , 8 ,( 1 9 7 1 ) / / B O Y L E , G . J . A N D R E E C E , D . , P R O C E E D I N G S LNG-2, PARIS (1970)
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
F L A M E D Y N A M I C S L A B . , N O R M A N , O K L A .
REPORT N U M B E R -
AD-75U326
J O U R N A L PROCEEDINGS -
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LNG IMPORTATION AND TERMINAL SAFETY CONF., 71-82, (PEOC. OF)
BOSTON, HASS., JUN 13-U, 1972
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INSULATED STORAGE TANK WITH INSULATION RESTRAINED AGAINST













DISCLOSED I S A N I M P R O V E D I N S U L A T E D T A N K H A V I N G A P A R T T H E R E O F
WHICH IS DOUBLE W A L L E D . THE D O U B L E - W A L L E D PORTION, WHICH HAY BE
C Y L I N D R I C A L , S P H E R I C A L OR SOME OTHER SHAPE, CONTAINS FREE-FLOWING
I N S U L A T I N G M A T E R I A L AND A R E S I L I E N T I N S U L A T I N G BLANKET WHICH HAS
B E E N COMPRESSED EY A C T I V E P R E S S U R E S U B S T A N T I A L L Y ABOVE THE LATERAL
PASSIVE P R E S S U R E C A U S E D BY THE FREE-FLOWING, U S U A L L Y G R A N U L A R ,
I N S U L A T I O N . W H E N THE I N N E R WALL OF THE TANK CONTRACTS D U R I N G
L O W - T E K P E R A T U R E USE, SUCH AS IN THE STORAGE OF A C R Y O G E N I C LIQUID,
THE .-B.LANKET E X P A N D S SUFFICIENTLY FAR .'AN D WITH E N O U G H PRESSURE TO
OCCUPY THE I N C R E A S E D I N S U L A T I N G SPACE WITHOUT SETTLING OF THE
F R E E - F L O W I N G I N S U L A T I O N .
- P E R T I N E N T FIGURES-
FIG. 1 V E R T I C A L SECTIONAL V I E W T H R O U G H A N I N S U L A T E D T A N K S H O W I N G
ONE E M B O D I M E N T OF THE I N V E N T I O N / / F I G . 3 V E R T I C A L S E C T I O N A L V I E W OF
A N I N S U L A T E D T A N K S H O W I N G A W I N D I N G A R O U N D T H E I N S U L A T I N G B L A N K E T
TO COMSESS THE S A M E
-BIBLIOGRAPH Y-
BIAIS, U S PATENT NO. 3,118,194 (JAN 1964)/ /WISSMILLER, U S
P A T E N T NO. 3 ,147,878 (SEP 1 964) / /H ERR EN SCHM IDT, U S P A T E N T NO.
3,213,740 (SEP 1966)// A U S T R A L I A , P A T E N T NO. 234 ,484 (JUL 1961)
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
CHICAGO B R I D G E AND I R O N CO., OAK BROOK, ILL.
R E P O R T N U M B E R -
U S P A T E N T NO. 3,559,835
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^EVALUATION OF LIQUID METHANE STORAGE AND TRANSFER PROBLEMS
IN SUPERSONIC AIRCRAFT FINAL REPORT, AUGUST 6, 1971
by
M C G R E W , J . L .
B U S K I . R K , D L.
B R A D Y , H. F.
' L E E D S , ? ! . W .
08/06/71
S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y EVAL.
U/Unrestricted HTIS S u m m a r y Good/Excel.
-ABSTRACT-
THE OBJECTIVE OF THE R E P O R T E D P R O G R A M HAS TO E V A L U A T E THE PROBLEMS
I N V O L V E D IN U S I N G LIQUID M E T H A N E IN A S U P E R S O N I C C R U I S E - T Y P E
A I R C R A F T . T H E A N A L Y S E S I N C L U D E D P H E S S U R I Z A T I O N A N D FUEL T R A N S F E R
IN SYSTEMS USING L I Q U I D M E T H A N E IN A SATURATED STATE, IN TRE
SUBCOOLED STATE, O H PARTLY A S A S A T U R A T E D LIQUID A N D PARTLY A S A
SUBCOOLED LIQUID. T H E P R O G R A M I N C L U D E D D E S I G N I N G A N D F A B R I C A T I N G A
TEST RIG, CONDUCTING 49 TESTS, AND R E D U C I N G AND A N A L Y Z I N G S O M E ' 1 0 0
C H A N N E L S OF D A T A . ' THREE S E P A R A T E L O W - P R E S S U R E T A N K CONFIGURATIONS
A N D O N E H I G H - P R E S S U R E T A N K W E R E TESTED. T H E TESTS D E M O N S T R A T E D
THAT SUBCOOLED H E T H A N E CAN BE LOADED AND HELD FOB R E A S O N A B L E
LENGTHS OF TIME U N D E R S I M U L A T E D A I R C R A F T CONDITIONS USING H E T H A N E
V A P O R S TO M A I N T A I N THE P R E S S U R I Z A T I O N .
- S O U R C E I N F O R M A T I O N -
CORPORATE SOURCE -
M A R T I N M A R I E T T A CORP. , D E N V E R , COLO.
REPORT N U M B E R -
N71-34648//NASA-CR-72952
SPONSOR -
N A T I O N A L A E R O N A U T I C S A N D SPACE A D M I N I S T R A T I O N . LEHIS RESEARCH
CENTER, C L E V E L A N D , OHIO
CONTRACT N U M B E R -
CONTRACT 8AS3-12U11
OTHER INFORMATION -
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-ABSTRACT-
BECAUSE LNG PIPELINES WILL H A V E TO BE O P E R A T E D AT C R Y O G E N I C
T E M P E R A T U R E S , THE SUITABILITY OF M A T E R I A L S , DESIGN CONCEPTS AND
T E C H N I Q U E S ARE F A C T O R S OF MAJOR I M P O R T A N C E . A L T H O U G H LOW
T E M P E R A T U R E O P E R A T I O N S I N T R O D U C E A D D I T I O N A L PROBLEMS, THERE A R E
M A N Y A D V A N T A G E S OF LNG TRANSMISSION. THIS ARTICLE DISCUSSES MANY
FACETS OF LONG D I S T A N C E T R A N S F E R OF N A T U R A L GAS IN THE LIQUID
S T A T E - D W E L L I N G AT SOHE L E N 3 T H ON PIPING DESIGN AND OPERATING
T E M P E R A T U R E S , CRACK INITIATION A N D PROPAGATION, A N D OPERATING
C O N S I D E R A T I O N S .
- P E R T I N E N T FIGURES- .
F IG.1 R E D U C T I O N OF P R E S S U R E IN FLUIDS FOLLOWING C R A C K I N I T I A T I O N
IN P R E S S U R E VESSEL D U R I N G E A R L Y S T A G E OF CRACK F O R M A T I O N , P A G E 33
- B I B L I O G R A P H Y -
D I M E N T E E R G , M . , L N G V I A P I P E L I N E . C R Y O G E N I C E N G I N E E R I N G N E W S , M A R C H
1968// D U F F Y , A . R . A N D D A I N O R A , J . , C O N S I D E R A T I O N S F O R L N G PIPE
M A T E R I A L SELECTION, PROCEEDINGS FIRST I N T E R N A T I O N A L CONFERENCE ON
LNG - CHICAGO, APR 7-12, 1968 //I VANTSOV ,0. M. , PROBLEMS OF LNG
T R A N S M I S S I O N PIPELINES CONSTRUCTION, P R O C E E D I N G S OF THE
I K T E R H A T I O K A L C O N F E R E N C E O N L I Q U E F I E D N A T U R A L G A S , L O N D O N , M A R C H
1969
-SOURCE I N F O B M A T I O N -
J O O R N A L P R O C E E D I N G S -
C R Y O G . IND. GASES VOL 6, NO. 5, 29-30 & 32-6 (SEP/OCT 1971)
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HASSI B MEL ALGEHIAN OWNED LNG SHIP
-ABSTRACT-
THE SUBJECT OF THIS A R T I C L E IS THE 40 ,000 CUBIC M E T E R LNG C A R G O
C A R R I E R HASSI R MEL W H I C H WAS BUILT TO T R A N S P O R T LNG F R O M S K I K D A ,
A L G E R I A TO FOS-S U R - f l E R , F R A N C E . DESIGN AND C O N S T R U C T I O N D E T A I L S OF
THE SHIP ABE P R E S E N T E D .
- S O U R C E I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
SHIPP. W O R L D SHIPBUILD. VOL 165, NO. 3869, 571-4 ( M A Y 1972)
OTHER I N F O R M A T I O N -
0006 P A G E S , 0006 F I G U R E S , 0000 T A B L E S , 0000 R E F E R E N C E S
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SECURITY CLASS ACCESS LEVEL REPORT CLASS E N T R Y E V A L .
D/Unrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
IN 1967 AN LNG P E A K - S H A V I N G PLANT WAS COMPLETED AT H O P K I N T O N ,
MASS. U N F O R T U N A T E L Y , IT C O U L D NOT BE P L A C E D IN C O M M E R C I A L
O P E R A T I O N DUE TO DIFFICULTIES WITH THE I N G R O U N D S T O R A G E
CONTAINERS. THE PLANT WAS LATER PURCHASED BY HOPKINTON LNG CORP.,
T H E I N G R O U N D STORAGE A B A N D O N E D A N D REPLACED B Y T W O A B O V E G R O U N D
T A N K S OF THE M O R E C O N V E N T I O N A L DOUBLE-WALL, PERLITE-INSULATED , 9
PERCENT NICKEL STEEL DESIGN. THIS ARTICLE DESCRIBES THE VARIOUS
MODIFICATIONS M A D E TO THE O R I G I N A L PLANT PRIOR TO PUTTING IT IN
S E R V I C E IS 1971.
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
N E G E A SERVICE CORP. , C A M B R I D G E , MASS. / /AIR PRODUCTS A N D
C H E M I C A L S , INC., A L L E N T O H N , PA.
J O U R N A L P R O C E E D I N G S -
PIPELINE GAS J. VOL 199, NO. 7, 68 6 71-3 ( J U N 1972)
O T H E R I N F O R M A T I O N -
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CALIFORNIA REGULATIONS FOR LNG AUTO INSTALLATIONS AN
EDITORIAL STAFF S U M M A R Y
-ABSTRACT-
THE GROWING USE O.N PUBLIC ROADS OF VEHICLES CONVERTED TO THE USE
OF LNG AS A MOTOR FUEL HAS RESULTED IN SOME APPREHENSION ABOUT THE
SAFETY OF THE INSTALLATIONS IN THE VEHICLES. APPROPRIATE
AUTHORITIES ARE DEVELOPING REGULATIONS FOR SUCH INSTALLATIONS -
ONE OF THE FIRST BEING THE CALIFORNIA HIGHWAY PATROL. THE
CALIFORNIA RULES PROBABLY HILL BE THE MODEL WHICH OTHER STATES
WILL FOLLOW. EXCERPTS AND CONDENSATIONS OF THE NEW REGULATIONS ARE
PUBLISHED IN THIS ARTICLE.
-SOURCE INFORHATION-
JOURNAL PROCEEDINGS -
CRYOG. TECHNOL. VOL 8, NO. U, 132-U (JUL/AUG 1972)
OTHER INFORMATION -
0003 PAGES, 0000 FIGURES, 0000 TABLES, 0000 REFERENCES
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URETHANE FOAM INSULATES BRUNEI PIPELINE
-ABSTRACT-
THIS ARTICLE DESCRIBES THE BRUNEI LNG SHIP-LOADING SYSTEM HHICH
UTILIZES 6.2 MILES OF STAINLESS STEEL PIPE, FACTORY PRE-INSULATED
HITH P O L Y U R E T H A N E FOAM APPLIED BY A TECHNOLOGY DEVELOPED
SPECIFICALLY FOR THE APPLICATION. PHOTOGRAPHS OF THE
M A N U F A C T U R I N G P R O C E D U R E S AND FINISHED PRODUCT ARE INCLUDED.
- P E R T I N E N T FIGURES-
PIG. 1 U R E T H A N E F O A M IS BEING S P R A Y E D ONTO SECTIONS OF PIPE, PAGE
28//FIG.2 END OF A FOAMED PIPE SECTION B E F O R E THE OUTER C O V E R I N G
IS APPLIED, P A G E 28 //FIG.3 FIELD A N C H O R A S S E M B L Y , S H O W I N G
F A B R I C A T E D FIELD CLOSURE HALF-SECTIONS, P A G E 29//FIG.U
P R E - F A B R I C A T E D E X P A N S I O N JOINTS WITH U R E T H A N E FOAH AND GLASS
R E I N F O R C E D EPOXY V A P O R BARRIER APPLIED, PAGE 29
-SOURCE INFORMATION-
J O U R N A L PROCEEDINGS -
CRYOG. IND. GASES VOL 7, NO. U, 27-9 (JUL/AUG 1972)
OTHER INFORMATION -
0003 P A G E S , - 0 0 0 5 FIGURES, 0000 TABLES, 0000 R E F E R E N C E S
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DOUBLE B A R R I E R KELLGAZ T A N K USES CONCRETE, FLEXIBLE
M E M B R A N E
- A B S T R A C T -
THIS ARTICLE BRIEFLY DESCRIBES THE K E L L G A Z LNG S T O R A G E CONCEPT - A
P R E S T R E S S E D C O N C R E T E T A N K W I T H I N T E R N A L L O A D - B E A R I N G I N S U L A T I O N
A N D A F L E X I B L E W A F F L E D S T A I N L E S S STEEL M E M B R A N E L I N E R . A D V A N T A G E S
O F SUCH C O N S T R U C T I O N A R E E N U M E R A T E D .
- P E R T I N E N T FIGURES-
FIG. 1 ARTISTS CONCEPT OF TWO K E L L G A Z - C O N C E P T LNG
I M P O S T T E R M I N A L , P A G E 69//FIG.2 CROSS-SECTION
P A G E 69//FIG.3 C O R N E R D E T A I L OF K E L L G A Z T A S K ,
C U T A W A Y V I E W O F T H E K E L L G A Z L N G STORAGE- T A N K ,
STAINLESS STEEL, F L E X I B L E M E M B R A N E L I Q U I D C O N T A I N E R
L E V E L S H H E N IN SERVICE TO M I N I M I Z E R I S K OF C R A C K I N G ,
S T O R A G E T A N K S AT
O F KELLGAZ T A N K ,
P A G E 69//FIG.U
P A G E 72//FIG.5
HAS LOW STRESS
P A G E 72
- S O U R C E I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
PIPELINE GAS J. VOL 199, NO. 11., 69 & 72- (SEP 1972)
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-ABSTRACT-
P R E S E N T L Y , L A R G E C A P A C I T Y F L O A T I N G S T O R A G E VESSELS FOR CRUDE OIL
ARE BEING UTILIZED AS R E C E I V I N G TERMINALS FOR S U P E R T A N K E R S AND
S E V E R A L PROJECTS A R E U N D E R W A Y U S I N G T H E R O T A T I N G HOORING STORAGE
SYSTEM ( R M S ) . THIS CONCEPT OF A FLOATING-DOCK S T O R A G E CAN ALSO BE
USEFULLY APPLIED FOR LNG AT EITHER THE RECEIVING END OF A MARITIME
TRAFFIC OR AT THE SHIPPING E N D . DESCRIBED IN THIS ARTICLE IS SUCH
A SYSTEM - A F L O A T I N G BARGE W I T H A PRESTRESSED CONCRETE DOUBLE
HULL S U R R O U N D E D BY PROTECTIVE C O M P A R T M E N T S USED AS BALLASTS.
- P E R T I N E N T F I G U R E S r
FIG.1 SECTION OF R O T A T I N G M O O R I N G STORAGE SYSTEM S H O W I N G THE
CONSTRUCTION DETAILS OF THE PRESTRESSED CONCRETE DOUBLE-HULL
VESSEL AND I N S U L A T I N G L I N I N G , PAGE 75
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
E N T R E P O S E GTM POUR LES T R A V A U X PETROLIERS M A R I T I S E S , PARIS,
F R A N C E
J O U R N A L P R O C E E D I N G S -
PIPELINE GAS J. VOL 199, NO. 11, 75 (SEP 1972)
OTHER I N F O R M A T I O N -
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- A B S T R A C T -
THIS ARTICLE B R I E F L Y DISCUSSES DESIGN C O N S I D E R A T I O N S FOR LNG
I M P O R T T E R M I N A L S , I N C L U D I N G THE F O L L O W I N G , 1 . DISPOSAL OF V A P O R S
DISPLACED I N T H E S T O R A G E S Y S T E M D U R I N G T H E FILLING O F T H E STORAGE
T A N K S . 2 . DESIGN OF S T O R A G E T A N K V A P O R H A N D L I N G S Y S T E M FOR
DISPOSAL OF N O R M A L S T O R A G E T A N K BOILOFF V A P O R S G E N E R A T E D DUE TO
HEAT L E A K . 3 . H A N D L I N G OF V A P O R S R E S U L T I N G F R O M O T H E R CAUSES. 4 .
LIQUID H A N D L I N G SYSTEMS FOR THE T R A N S F E R OF THE STORED LIQUID TO
EITHER BARGES, T R A I L E R S , OR TO THE PRODUCT D E L I V E R Y PUMPS. 5.
SBNDOUT SYSTEMS I N C L U D I N G L N G PUMPS A N D L N G V A P O R I Z A T I O N
EQUIPMENT. 6 . M E A S U R E M E N T SYSTEMS FOR R E C E I V I N G AND SENDOOT
PURPOSES, 7 . - S A F E T Y F E A T U R E S . . . . '
-SOURCE I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
CHYOG. IND. GASES VOL 7, NO. 5, 16-7 5 19 6 21-2 (SEP/OCT
1972)
OTHER INFORMATION -
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-ABSTRACT-
THIS ARTICLE D E S C R I B E S THE D E S I G N AND USE OF LNG M A R I N E
L O A D I N G / U N L O A D I N G A R M S . I N C L U D E D ARE DISCUSSIONS OF THE SEAL AND
B E A R I N G A R R A N G E M E N T S , M A T E R I A L S OPTIMIZATION A N D SELECTION,
PERMISSIBLE FLOW VELOCITIES AND G E N E R A L CONDITIONS OF USE. THE
I M P O R T A N C E OF THE M A R I N E ARH LIES IN THE FACT THAT IT IS A CRUCIAL
L I N K B E T W E E N T H E L N G T A N K E R A N D T H E L N G T E R M I N A L .
-PERTINENT FIGURES-
FIG. 1 LNG H A R I N E 'ARM B E A R I N 3 A'ND SEAL A R R A N G E M E N T , PAG'E 33//FIG.2
LNG M A R I N E ARH B E A R I N G AND S E A L A R R A N G E M E N T , P A G E 33 •
-SOURCE I N F O R M A T I O N -
J O U R N A L P R O C E E D I N G S -
C R Y O G . IHD. G A S E S VOL 7, NO. 5, 31 & 33-tt (SSP/OCT 1972)
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Good/Excel,
THIS ARTICLE D E S C R I B E S
- T H I N 18 INCH L I N E S
I N L A N D LNG PLANT AT
-ABSTRACT-
THE L O N G E S T C R Y O G E N I C P I P E L I N E IN EXISTENCE
E X T E N D I N G 2 1 /2 MILES O V E R W A T E R FROM AN
B R U N E I , B O R N E O T O A N OFFSHORE L N G T A N K E R
L O A D I N G FACILITY. C O M B I N E D T O T A L LINE L E N G T H IS 6 MILES.
- P E R T I N E N T F I G U R E S -
FIG.1 D I A G R A M OF THE B R U N E I LNG SHIP L O A D I N G S Y S T E M , P A G E
55//FIG.2 DETAILS OF THE E X P A N S I O N JOIN? A N D . V I E W OF ONE OF THE
UNITS INSTALLED IN THE 'SYSTEM, PAGE 56//FIG.3 INSULATION OF ALL
LINE SECTIONS H A N D L I N G LNG WAS A P P L I E D AS T H R E E L A Y E R S OF. S P R A Y E D
P O L Y U R E T H A N E FOAM WITH A F I B E R GLASS R E I N F O R C E D EPOXY C O V E R I N G
WHICH SERVES AS M E C H A N I C A L PROTECTION AND AS A W A T E R V A P O R
BARRIER, P A G E 56//FIG.U ON THE TRESTLE, THE PIPE LINES ARE
A N C H O R E D AT 120-FOOT I N T E R V A L S , P A G E 57//FIG.5 DETAIL OF THE GRE
I N N E R SLEEVES AT THE CONS E N D S OF FIELD JOINTS, P A G E 57
- S O U R C E I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
PIPE L I N E I N D . VOL 38, NO. 3, 55-7 ( « A R 1973)
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-ABSTRACT-
HHEN LNG IS ADDED TO A STORAGE TANK PARTIALLY FILLED WITH LNG OF A
DIFFERENT COMPOSITION, LARGE, UNEXPECTED AND SODDEN RELEASES OF
VAPOH, COMMONLY REFERRED TO AS ROLLOVER, MAY TAKE PLACE. NO DAMAGE
OCCURRED IN ANY OBSERVED INCIDENT OF ROLLOVER BUT THE MAGNITUDE
AND RATE OF VAPOR RELEASE HERE GREAT ENOUGH TO CAUSE CONCEREN.
CONSEQUENTLY, STUDIES HAVE BEEN UNDERTAKEN TO DEVELOP
UNDERSTANDING OF BASIC MECHANISMS INVOLVED, TO PREDICT WHEN
ROLLOVERS MAY OCCUR AND TO EVALUATE EFFECTIVENESS OF A NUMBER OF
POSSIBLE PREVENTIVE MEASURES. SUCH" MEASURES INCLUDE MIXING DURING
FILLING' WHICH MAY REQUIRE USE OF BOTH TOP AND BOTTOM • FILL
DEPENDING ON WHETHER THE CARGO IS MORE -OR LESS DENSE THAN THE'
HEEL. OTHER SOLUTIONS INCLUDE LIMITING VARIATION IN LNG
COMPOSITION AND LOWERING TANK SET POINT PRESSURE. DIFFERENT
ACTIONS ARE APPROPRIATE FOR DIFFERENT INSTALLATIONS* SELECTION OF
THE APPROPRIATE SOLUTION REQUIRES AN UNDERSTANDING OF THE
SITUATIONS THAT LEAD TO ROLLOVER CAUSED BY DENSITY DIFFERENCES IN
LNG - THE SUBJECT OF THIS PAPER.
- P E R T I N E N T F I G U R E S -
FIG. 1 -LNG .DENSITY -AT ONE A T M O S P H E R E AS A F U N C T I O N OF C O M P O S I T I O N
( M E T H A N E , E T H A N E , P R O P A N E M I X T U R E S W I T H 2 P E R C E N T O R LESS
N I T R O G E N ) , P A G E 87//FIG.2 TYPICAL C O N V E C T I V E C I R C U L A T I O N I N L N G
S T O R A G E T A N K , PAGE 88//FIG. 3 C O N V E C T I V E C I R C U L A T I O N S FOR A D E N S E
L N G L A Y E R U N D E R A L I G H T L N G L A Y E R , P A G E 8 8
• - B I B L I O G R A P H Y-
H A S H E B I , H . T . AND W E S S O N , H . R . , CUT LNG STORAGE COSTS, H Y D R O C A R B O N
PROCESSING, 117-120 ( A U G 1 9 7 1 ) / / V A N G E L D E R , L . R . A N D L A F A V E , I . V . ,
LNG T A N K D Y N A M I C S , P R E S E N T E D AT LNG 3 C O N F E R E N C E , W A S H I N G T O N , D .
C. (SEP 1972)//. S A R S T E N , J . A. , LNG O P E R A T I N G E X P E R I E N C E S AT LA
SPEZIA, ITALY, P R E S E N T E D AT A GA DISTRIBUTION C O N F E R E N C E , A T L A N T A ,
GA. ( K A Y 8-10, 1972)// CHATT ERJEE, N. AND GEIST , J .M. , THE EFFECTS
OF .-STRATIFICATION ON BOIL-OFF RATES IN LNG T A N K S , P R E S E N T E D AT AGA
- ' . " . - ' ' • 230'' • • • • • • ' ' . ' / ' . '
DISTRIBUTION C O N F E R E N C E , A T L A N T A , G A . ( M A Y 8-10, 1972)
-SOURCE I N F O R M A T I O N -
CORPOHATE SOURCE -
LITTLE ( A R T H U R D. ) , I N C . , C A M B R I D G E , M A S S . / /AIR PRODUCTS AND
CHEMICALS, I N C . , A L L E N T 0 8 N , PA. / /MASSACHUSETTS INST. OF
TECH. , C A M B R I D G E
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- A B S T R A C T -
THIS ARTICLE DESCRIBES THE M A N Y PROCESS AND MECHANICAL PARAMETERS
INVOLVED IN THE DESIGN OF AN LNG IMPORT TERMINAL. INCLUDED ARE
DISCUSSIONS ON FACILITIES LOCATION, TRANSFER LINES, INSULATION,
STOBAGE TANKS, VAPOR HANDLING SYSTEMS AND LNG VAPORIZERS.
-SOURCE INFORMATION-
JOURSAL PROCEEDINGS -
CRYOG. IND. GASES VOL 7, NO. 5, 41 B U3 6 U5-8 (SEP/OCT 1972)
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-ABSTRACT-
THE P R O G R A M R E P O R T E D H E R E WAS A FOLLOW-ON TO AN E A R L I E R (1969)
STUDY FOR THE COAST G U A R D IN WHICH THE SPILLAGE OF LNG INTO HATER
P R O D U C E D U N E X P E C T E D VAPOR E X P L O S I O N S . THE TWO - M A I N OBJECTIVES OF
THE P R E S E N T STUDY W E R E TO ASSESS THE H A Z A R D S OF V A P O R EXPLOSIONS,
AND TO R E P E A T ON L A R G E R SCALE THE E A R L I E R OBSERVATIONS OF
A T M O S P H E R I C DISPERSION OF THE N A T U R A L GAS D O W N W I N D OF A SPILL.
A P P R O X I M A T E L Y 12,000 G A L L O N S OF LNG W E R E USED IN T H E . V A R I O U S
TESTS, THIS LNG C A M E F R O M . T W O DOMESTIC S O U R C E S . . O N E IN WHICH H E A V Y
H Y D R O C A R B O N S W E R E P R E S E N T I N V E R Y L O W C O N C E N T R A T I O N A N D W H I C H
V A P O R I Z E D Q U I E T L Y , O N E I N WHICH T H E RATIO E T H A N E / H E A V I E R
H Y D R O C A R B O N S W A S A B O U T 10/1 A N D WHICH P R O V I D E D . N U M E R O U S D E L A Y E D
V A P O R E X P L O S I O N S . NO EXPLOSION WAS O B T A I N E D W H I C H DUPLICATED THE
1969 E X P E R I E N C E . THE . P R O G R A M DID NOT R E V E A L THE K E C H A N I S M OF V A P O R
E X P L O S I O N S B U T D I D S H O W T H A I EXPLOSIONS U N D E R V A R I O U S E X P E R I M E N T A L
C O N D I T I O N S W O U L D N O T IGNITE T H E F L A M M A B L E V A P O R CLOUD A N D THAT T H E
E N E R G Y R E L E A S E I S V E R Y MODEST R E L A T I V E T O C H E M I C A L EXPLOSIONS.
- P E R T I N E N T FIGURES-
T A B . 8 S E A T H E R I N G OF LNG ( S O U R C E 2 ) IN 300-GALLON S T O R A G E T R A I L E R
( V O L U K E - P E R C E N T ) , P A G E 23//TAB. 9 W E A T H E R I N G OF LNG ( S O U R C E 2) IN
6 , 0 0 0 - G A L L O N S T O R A G E T R A I L E R , P A G E 25/ /TAS.1U C A L C U L A T E D D I S T A N C E S
T O E N D O F F L A M M A B L E ZONE W I T H S T E A D Y R E L E A S E B A T E O F LNG, P A G E
42//TA3.15 C A L C U L A T E D D I S T A N C E S TO END OF F L A M M A B L E Z O N E
( F O L L O W I N G R E L E A S E O F 25000 M ( 3 ) L N G ) , PAGE 4 4
- B I B L I O G R A P H Y -
B U R G E S S , D . , M U R P H Y , J . N . , Z A B E T A K I S , M . G . , H A Z A R D S O F L N G S P I L L A G E
IN M A R I N E T R A N S P O R T A T I O N , AD 705078 (FEB 1970) / /FNGEi ,T . i» dD
H A R T N A N , D . E . , LNG SPILLAGE ON W A T E R I I F INAL RPT ON R A P I u PHA51!
T R A N S F O R M A T I O N S , T E C H N I C A L PROGRESS RPT NO. 1-72, SHE'LL PIPE L I N E
CORP, H O U S T O N , TX (FEB 1972)// N A K A N I S H I , E . AND R E ! D , R . C . , LIQUID
N A T U R A L GAS - W A T E R REACTIONS, CHEM. ENG. PROG. VOL 67, 36-U1
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O F L N G A N D W A T E R . P A P E R P R E S E N T E D A T A S M E W I N T E R A N N . M T G . ,
W A S H I N G T O N , D.C., NOV 28-DEC 2, 1971//K ATZ, D. L. AND
SLIEPCEVICH,C. fl . , L N G / W A T E R EXPLOSIONS, H Y D R O C A R B O N PROCESS.,
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-ABSTRACT-
THIS ARTICLE, T H R O U G H I N T E R V I E W S f f lTH SIX I N D I V I D U A L S INVOLVED IN
LNG P L A N T D E S I G N I N G ACTIVITIES, P R O V I D E S A BRIEF O V E R V I E W OF SOME
OF THE P R O B L E M S T H E Y H A V E HAD TO COPE WITH ON V A R I O U S PROJECTS.
THE DISCUSSIONS ARE V E R Y I N F O R M A L AND AT TIMES QUITE C A N D I D .
-SOURCE I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
LNG/CRYOGENICS VOL 1, NO. 1, 25-7 (FEB/MAR 1973)
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-ABSTRACT-
THIS ARTICLE DISCUSSES SOME OF THE POTENTIAL H A Z A R D S IN THE USE OF
N A T U R A L GAS, P A R T I C U L A R L Y T H E I M P O R T A T I O N O F LIQUEFIED N A T U R A L G A S
( L N G ) , AND CALLS FOR A D D I T I O N A L RESEARCH AND S A F E T Y A N A L Y S E S IN
THE A R E A S OF EXISTING U N C E R T A I N T Y . THE AUTHOR IS C L E A R L Y CRITICAL
OF V A R I O U S FEDERAL AND STATE R E G U L A T O R A G E N C I E S - CITING NEGLECT
AND I N A D E Q U A T E S T A N D A R D S A H O N G OTHER THINGS. 'POOR U N D E R S T A N D I N G OF
THE ISSUES I N V O L V E D BY LOCAL A U T H O R I T I E S IS ALSO M E N T I O N E D AS A
PROBLEM. CERTAIN ASPECTS AND IMPLICATIONS OF THIS PAPER ARE
CONTROVERSIAL AND PERHAPS OVERLY SENSATIONAL - H O W E V E R , IT DOES
M A K E INTERESTING R E A D I N G .
-BIBLIOGRAPHY-
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-ABSTRACT-
THIS A R T I C L E DESCRIBES B R I E F L Y THE DESIGN OF THE T E X A S E A S T E R N
S T A T E N I S L A N D L N G FACILITY A N D T H E I N V E S T I G A T I O N S INTO T H E CAUSE
OF FIRE T H A T B R O K E OUT F E B R U A R Y 10 , 1973 IN THE 600,000 B A R R E L
STORAGE T A N K KILLING UO M E N . P R E L I M I N A R Y FINDINGS OF A F E D E R A L
P O H E R COMMISSION STAFF REPORT ARE DISCUSSED, CONCLUDING THAT THE
E X A C T M E C H A N I S M OF F A I L U R E IS NOT A P P A R E N T .
-PERTINENT FIGURES-
F I G o l STATEN ISLAND PLANT SOON A F T E R CONSTRUCTION OF THE 2-BNCF
LNG S T O R A G E T A N K , P A G E 53//FIG.2 CROSS-SECTION VIEW OF THE LNG
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- A B S T R A C T -
A METHOD IS DISCLOSED FOR O D O R I Z I N G C R Y O G E N I C LIQUIDS SUCH AS
L I Q U E F I E D N A T U R A L G A S W I T H S U F F I C I E N T Q U A N T I T I E S O F DETECTABLE
S U L F U R C O N T A I N I N G O D O R A N T S BY FIRST DISSOLVING THE O D O R A N T IN A
LIQUEFIED CARRIES MISCIBLE W I T H THE C R Y O G E N I C LIQUID AT
C O N C E N T R A T I O N L E V E L S N O T A T T A I N A B L E I N T H E C R Y O G E N I C LIQUID
HITHOUT THE C A R R I E R . THE L I Q U E F I E D C A R R I E R WITH O D O R A N T IS THEN
COMBINED W I T H THE C R Y O G E N I C LIQUID TO P R O V I D E THE DISSOLVED
O D O R A N T IN THE M I X T U R E AT THE D E S I R E D DETECTABLE LEVELS UPON
V A P O R I Z A T I O N OF THE C R Y O G E N I C LIQUID.
-SOURCE I N F O R M A T I O N - •
CORPORATE SOURCE -
INSTITUTE OF GAS T E C H N O L O G Y , CHICAGO, ILL.
REPORT NUMBER -
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-ABSTRACT-
THIS ARTICLE DESCRIBES THE COMMISSIONING OF THE BRITISH GAS
C O R P O R A T I O N S L N G P E A K - S H A V I N G PLANT I N G L E N M A V I S , SCOTLAND.
P R O B L E M S E X P E R I E N C E D D U R I N G THE PERIOD OF THIS ACTIVITY ARE
DETAILED.
-SOURCE INFORMATION-
C O R P O R A T E SOURCE - .
BRITISH G A S -CORP., E N G L A N D "
J O U R N A L PROCEEDINGS - • •
GAS BORLD VOL 178, NO. U 6 U 4 , 133-7 ( A U G 1973)
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-ABSTRACT-
D I F F E R E N T T E C H N I Q U E S OF S A M P L I N G C R Y O G E N I C LIQOIDS ARE DISCUSSED,
WITH E M P H A S I S O N A V O I D I N G S A M P L E C O N T A M I N A T I O N A N D E N S U R I N G S A F E
H A N D L I N G . METHODS O F A V O I D I N G C O M P O S I T I O N C H A N G E S A R E ALSO
P R E S E N T E D .
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FIG. 1 LIQUID SAMPLE LINE, PAGE 600//FIG.2 I N S T A N T A N E O U S VAPORIZER,
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(1960)/ /PRECAUTIONS F O R T H E S A F E H A N D L I N G A N D S T O R A G E O F LIQUID
O X Y G E N A N D N I T R O G E N , A I H C O I N C . P U B L I C A T I O N A E O
885A//HCCAMY,C. S. , IND. ENG. CHSM. VOL 49, NO. 9 (SEP 1957)
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T H E A U T H O R D E S C R I B E S T H E S E V E R A L CONCEPTS A R O U N D WHICH T H E
E X I S T I N G ' M A R I N E L N G C O N T A I N M E N T DESIGNS A R E FORMULATED. T H E
K V A E 8 U E R - H O S S S P H E R I C A L C O N T A I N M E N T SYSTEM WITHOUT S E C O N D A R Y
B A R R I E R IS DISCUSSED IN SOME DETAIL. THE DESIGN A N A L Y S I S OF T H A T
S Y S T E M IS P R E S E N T E D IN A STEP-BY-STEP FASHION AS A C T U A L L Y
P E R F O R M E D , A L O N G HITH D E S C R I P T I O N S O F T A N K MATERIALS RESEARCH A N D
S T R U C T U R A L E X P E R I M E N T S WHICH S U P P L E M E N T T H E A N A L Y T I C A L W O R K . T H E
FABRICATION S E Q U E N C E OF THE SPHERES IS DISCUSSED, AND THE W E L D I N G
P R O C E D U R E S U S E D FOR BOTH A L U M I N U M AND 9 PERCENT N I C K E L STEEL ARE
I N C L U D E D *
- P E R T I N E N T FIGURES-
FIG.1 K V A E R N E E - M O S S S E L F - S U P P O R T I N G L N G T A N K , P A G E 282//FIG.2
S B A L L - L E A K P R O T E C T I O N S Y S T E M A R R A N G E M E N T , P A G E 283//FIG.8 T A N K
A S S E M B L Y , . P A G E 289// TAB.1 K V A E R N E R - M O S S LNG SHIP P A R T I C U L A R S ,
P A G E 2 6 3
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S A F E T Y B P A N C K U.K . A . F. . A . , L O N D O N , 196U// 3. E S S O R E S E A R C H AND
E N G I N E E R I N G C O M P . S P I L L S O F L N G O N W A T E R - V A P O R I Z A T I O N A N D
D O W N W I N D D R I F T O F C O M B U S T I B L E M I X T U R E S . EEPOfiT N O . EE61E-72,
S P O N S O R E D SY A. P . I . , MAY 1972//4. P A S Q U I L L , F . , A T M O S P H E R I C
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1953//6. U L D E N , A . I ' . V A N , O N T H E S P R E A D I N G O F A H E A V Y G A S
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-ABSTRACT-
S E V E R A L DIFFERENT PROCESSES A N D TYPES A M D A R R A N G E M E N T S O F
E Q U I P M E N T C A N B E A D A P T E D F O R L N G R E C E I V I N G T E R M I N A L S . N O R M A L L Y I T
IS NECESSARY TO M A K E S E V E R A L O P T I M I Z A T I O N STUDIES ON BOTH PROCESS
AND E Q U I P M E N T TO A R R I V E AT THE BEST SOLUTION FOR I N D I V I D U A L
T E R M I N A L S . IN EACH CASE, A S T U D Y OF THE A D V A N T A G E S AND
D I S A D V A N T A G E S OF A P A R T I C U L A R S Y S T E M , IN THE C O N T E X T OF THE JOB TO
BE DONE, HILL BE N E C E S S A R Y TO SELECT THE O P T I M U M D E S I G N . T H E R E ARE
M A N Y POSSIBLE V A R I A T I O N S IN E X A C T L Y HOH THE T E R M I N A L IS PUT
TOGETHER, AND EACH I N D I V I D U A L S Y S T E M IS E X A M I N E D S E P A R A T E L Y IN
THIS P A P E R . T H E SYSTEMS A R E . U N L O A D I N G , STORAGE, V A P O R H A N D L I N G ,
SENDODT PUMPS, VAPORIZERS, . P O W E R G E N E R A T I O N , NITROGEN SYSTEM, H E A T
R E C O V E R Y . •
- P E R T I N E N T F I G U R E S -
TAB. 1 DESIGN P A R A M E T E R S , P A G E 56//FIG.1 L N G - H E C E I V I N G T E R M I N A L ,
PAGE 60// FIG.2 - L U G - U N L O A D I N G S Y S T E M , P A G E 62//FIG.3 LNG
R E C I R C U L A T I O N , P A G E 63// F I G . 4 V A P O R - H A N D L I N G S Y S T E M , P A G E
64//FIG.5 V A P O R FLOH RATES V E R S U S LMG U N L O A D I N G R A T E , P A G E 65
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-ABSTRACT-
THIS ARTICLE DESCRIBES T H E E X P E R I E N C E G A I N E D T H R O U G H L A B O R A T O R Y
AND FIELD D E V E L O P M E N T AND E V A L O A T I O N TESTS OF E Q U I P M E N T DESIGNED
TO O D O H I Z E LIQUEFIED N A T U R A L GAS - NOW A P R A C T I C A L R E A L I T Y . A
S O L U T I O N OF T E T R A H Y D R O T H I O P H E N E ( O D O R A N T ) IS P R O P A N E , WITH A
FREEZING POINT OF -300 DEGREES F AT A M B I E N T PRESSURE, WAS FOUND TO
BE THE MOST SUITABLE BECAOSE (IN ADDITION TO ITS LOW FREEZING
P O I N T ) . 1) ITS ODOR IS S I M I L A R TO PIPELINE GAS, 2) THE ODORANT
DOES NOT L I N G E R LONG AFTER THE GAS IS GONE, 3) IT IS C H E M I C A L L Y
STABLE, U) IT LEAVES NO RESIDOE. AUTOMATIC CONTROL EQUIPMENT WAS
THE O D O R A N T INTO FJ.OWING LNG FOR PROPERDEVELOPED
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-ABSTHACT-
THIS ARTICLE PROVIDES T H E D E S I G N C R I T E R I A A N D N A R R A T I V E
DESCRIPTION O P T H E C O L U M B I A - C O N S O L I D A T E D C O V E P O I N T , M A R Y L A N D L N G
R E C E I V I N G T E R M I N A L W H I C H I S N O W U N D E R C O N S T R U C T I O N . A N O N U S O A L
F E A T U R E I N C O R P O R A T E D AT THIS P A R T I C U L A R I N S T A L L A T I O N IS THE USE OF
A N U N D E R W A T E R T U N N E L I N P L A C E O F A N A B O V E - W A T E R P I E R T O C A R R Y T H E
SHIPS U N L O A D I N G LINES FROM B E R T H S A P P R O X I M A T E L Y O N E M I L E OFFSHORE
TO THE STORAGE T A N K S AND S E N D O U T FACILITIES. F E A T U R E S OF THE
T U N N E L A B E PROVIDED.
- P E R T I N E N T FIGURES-
FIG. 2 PROCESS FLOW D I A G R A M FOR THS C O L U M B I A - C O N S O L I D A T E D COVE
POINT, MD. LNG R E C E I V I N G T E R M I N A L , PAGE 59//FIG.3 V A L V E - C L O S U R E
D Y N A M I C RESPONSE FOB A 32 I N C H LNG L I N E AT A FLOW R A T E OF 52,500
GPH, P A G E 61
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-ABSTRACT-
THIS IS A R E V I E H OF M A J O R AND TYPICAL M I N O R M I S A D V E N T U R E S
I N V O L V I N G C R Y O G E N I C FLUIDS. T H E N A T U R E A N D C O N S E Q U E N C E S O F
I N C I D E N T S A R E D E S C R I B E D A N D E X T R A P O L A T E D T O P O T E N T I A L I N C I D E N T S
I N V O L V I N G LARGER Q U A N T I T I E S OR A L T E R N A T E C I R C U M S T A N C E S . METHANE,
O X Y G E N A N D H Y D R O G E N H A V E BEEN I N V O L V E D I N M A J O R EPISODES.
L I Q U E F I E D AIR , I N E R T A T M O S P H E R I C GASES A N D H E L I U M HAVE ALSO BEEN
I N V O L V E D I N MISHAPS I N C O M M E R C I A L A N D L A B O R A T O R Y PRACTICE. T H E
D E V E L O P M E N T O F R A T I O N A L O P E R A T I O N A L PROCEDURES C A N B E PROPERLY
I N F L U E N C E D . B Y A . K N O W L E D G E O F ACCIDENTS. THIS R E Q U I R E S A C C U R A T E
I N F O R M A T I O N OK ACCIDENTS TO BE M A D E - PUBLIC AS P R O M P T L Y AS THE
•FACTS P E R M I T .
-BIBLIOGRAPHY-
S A R N E S , G .E . „ BR A I D E C H , M. M. AND D O N A L D S O N , K .H. , REPORT OF THE
T E C H N I C A L C O N S U L T A N T S B O A R D O F I N Q U I R Y F O R T H E EAST OHIO G A S
C O M P A N Y F I R E , C L E V E L A N D , OHIO ( J U L Y , 1945} - F R O M T H E P R I V A T E
C O L L E C T I O N O F M A T H E H K . B R A I D E C H / / R E P O R T O N T H E EAST OHIO G A S
C O M P A N Y E X P L O S I O N A N D C O N F L A G R A T I O N , C L E V E L A N D , O H I O , B Y T H E
N A T I O N A L B O J i K D O F FIRE U N D E R W R I T E R S , N E W Y O R K , A N D T H E OHIO
I N S P E C T I O N B U R E A U , C O L U M B U S , OHIO (OCT 20, 1945} / /LANG, A . , C A U S E S
OF TEE EXPLOS.ION OF AN AIR F R A C T I O N A T I O N P L A N T AND THE LESSONS
L E & B ' N E D F R O K T H E A C C I D E N T , G E S S L L S C H A F T FUER L I N D E S E I S M A S C H I N E N
A G , W I E S B A D E N (1961)// EOLLEN, SAFETY I N A I R A N D ' A M M O N I A PLANT,
V 2 , P6-S, A K E R I C A N I N S T I T U T E O F C H E M I C A L E N G I N E E R S ( 1 9 6 0 ) / / R E P O R T
O N TPiE I N V E S T I G A T I O N O F E X P L O S I O N A N D F I R E - E X P E R I M E N T A L
H A L L - C A M B R I D G E E L E C T R O N A C C E L E R A T O R , C A M B R I D G E , M A S S A C H U S E T T S
( J U L Y 5 , 1 9 6 5 ) , U N I T E D S T A T E A T O M I C E N E R G Y C O M M I S S I O N , TID-2259U
( F E E 1 9 6 6 ) / / S T A N D A R D F O R S T O R A G E A N D H A N D L I N G O F L I Q U E F I E D N A T U R A L
G A S A T U T I L I T Y G A S P L A N T S , N A T I O N A L F I R E P R O T E C T I O N A S S O C I A T I O N ,
N F P A N O . 59-f t , B O S T O N , M A S S (1967)
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
L O S A L A M O S SCIENTIFIC L A B . , - N . M E X .
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S E C U R I T Y CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestricted NTIS , Incremental Acceptable
- A B S T R A C T -
T W O I N S U L A T I O N SYSTEMS F O R T A N K S C O N T A I N I N G L I Q U I D M E T H A N E I N
S U P E R S O N I C C R U I S E - T Y P E A I R C R A F T H E R E D E S I G N E D A N D TESTED A F T E R A N
E X T E N S I V E M A T E R I A L S I N V E S T I G A T I O N . O N E S Y S T E M I S A N E X T E R N A L
I N S U L A T I O N A N D T H E O T R E R I S A N I N T E R N A L H E T - T Y P E INSULATION
S Y S T E M . T A N K V O L U M E W A S M A X I M I Z E D B Y M A K I N G T H E T A N K S H A P E
A P P R O A C H A R E C T A N G U L A R P A R A L L E L O P I P E D . O N E T A N K W A S D E S I G N E D T O
U S E T H E E X T E R N A L I N S U L A T I O N A N D T H E OTHER T A N K T O U S E T H E I N T E R N A L
I N S U L A T I O N . P E R F O R M A N C E O F T H E E X T E R N A L I N S U L A T I O N . S Y S T E H W A S
E V A L U A T E D O N A FULL-SCALE T A N K U N D E R T H E T E M P E R A T U R E E N V I R O N M E N T
OF -320 DEGREES F TO 700 D E G R E E S F {-196 D E G R E E S C TO 371 D E G R E E S
C) AND A M B I E N T ' P R E S S U R E S OF G H O U N D - L E V E L ATMOSPHERIC TO. 1 PSIA
(6.895 N / M { 2 ) ) . P R O B L E M S W I F H I N S T A L L I N G T H E I N T E R N A L INSULATION
ON THE TEST T A N K P R E V E N T E D F U L L - S C A L E E V A L U A T I O N OF P E R F O R M A N C E ,
H O W E V E R , S M A L L - S C A L E T E S T I N G V E R I F I E D T H E R M A L CONDUCTIVITY,
T E M P E R A T U R E C A P A B I L I T Y , A N D I N S T A L L E D D E N S I T Y .
- P E R T I N E N T F I G U R E S -
TAB. 1 I N T E R N A L I N S U L A T I O N C A L O R I M E T E R TESTS, P A G E 23/ /TAB.3 W A T E R
A B S O R P T I O N I N C E R A F E L T I N S U L A T I O N , P A G E 40/ /TAB.9 S U M M A R Y O F T W O
B A S E L I N E TESTS, P A G E 88//TAB.10 P R E S S U R E CYCLES 1 T H R O U G H 10, P A G E
139//TAB.11 P R E S S U R E CYCLES 11 T H R O U G H 20, P A G E 139//TAB.12 CYCLE
6 P R E S S U R E AND T E M P E R A T U R E D A T A , PAGE 141
-SOURCE I N F O R M A T I O N -
COHPORATE SOURCE -
M A R T I N MARIETTA CORP. , D E N V E R , COLO.
REPORT N U M B E R -
H72-26545//NASA-CR-120930//MCR-72-42
SPONSOR -
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. LEWIS R E S E A R C H
CENTER, C L E V E L A N D , OHIO
COHTRACT N U M B E R -
CONTRACT MAS 3-12425
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S E C U R I T Y CLASS ACCESS LEVEL REPORT CLASS E N T R Y E V A L .
U/Unrestricted Unlimited S u m m a r y Good/Excel.
-ABSTRACT-
L O C A T I O N OF AN LNG S T O R A G E T E R M I N A L AT T H R E E TYPES OF SITES IS
DISCUSSED. G E N E R A L SITE R E Q U I R E M E N T S F O E A N L N G S T O R A G E T E R M I N A L
ARE C O N S I D E R E D . AN A S S E S S M E N T OF T Y P I C A L LNG SPILLS IS PRESENTED.
H A Z A R D S A S S O C I A T E D W I T H A C C I D E N T A L L N G SPILLS A R E DISCUSSED. A N
ESTIMATE OF THE L O W E R F L A M M A B L E LIMIT OF THE VAPOR CLODD IS
DESCRIBED F O R T H E CASES W H I C H W E R E STUDIED. E N G I N E E R I N G FEATURES
TO E N H A N C E SAFETY ARE P R E S E N T E D . ACCIDENTS ARE CLASSIFIED BY THE
V O L U M B OF LNG S P I L L E D TO THE E N V I R O N M E N T . A TYPICAL CASE FOR E A C H
CLASS OF SPILL IS ALSO DESCRIBED. E N G I N E E R I N G FEATURES WHICH COULD
M I T I G A T E THE A D V E R S E I M P A C T S OF A F L A M M A B L E C L O U D , AND .OTHER
S P E C I A L C O N S I D E R A T I O N S . FOR THE PROTECTION OF -PUBLIC SAFETY ARE
DISCUSSED. RISK A S S E S S M E N T IS DISCUSSED. A SEVERITY I N D E X AND A
RISK I N D E X ARE DESCRIBED. W H I L E THE CONSEQUENCES OF AN ACTUAL
SPILL MAY BE S E V E R E , S U C H SPILLS ARE CONSIDERED NOT LIKELY TO
O C C U R .
- P E R T I N E N T F I G U R E S -
T A B . 1 R E S U L T S OF READ-LOSS T Y P E SPILL, P A G E 3/ /TAB.2 TWO M A J O B
0*S. CODES A P P L I C A B L E TO LNG F A C I L I T I E S , P A G E 5//TAB.3 A F F E C T E D
D I S T A N C E A N D D E G R E E S O F R I S K A S S O C I A T E D WITH L N G SPILLS D U R I N G
U S L O A D T H G W I N D 5-10 M P H , S T A B L E C O N D I T I O N S , P A G E 6
- B I B L I O G R A P H Y -
H A Z f c H D S OF SPILLAGE OF LNG INTO W A T E R , P«SRC REPORT 4177, U. S.
D E P A R T M E N T OF THE INTERIOR, B U R E A U OF MINES, SEP 1972//FINAL
E N V I R O N M E N T A L I M P A C T S T A T E M E N T F O R T H E CONSTRUCTION A N D O P E R A T I O N
O F A N L N G I M P O R T T E R M I N A L A T STATEN I S L A N D , U . S . F E D E R A L P O W E R
C O M M I S S I O N , NEW Y O R K , J U L Y 1 97U//SMITH, K . A. , ET AL. , M I X I N G AND
R O L L O V E R I N L N G S T O R A G E T A N K S , C R Y O G E N I C E N G I N E E R I N G C O N F E R E N C E ,
A T L A N T A , G E O R G I A , AUG 1973//CLAPP, M. D. , AND I . ITZINGER, L .F . , M A R I N E
T E R M I N A L S F O R LPC, E T H Y L E N E A N D LNG, 68TH N A T I O N A L M E E T I N G ,
A I C H E / / W E S S O K , H . R . , W A L K E R , J .R. AND B R O W N , L . E . , C O N T R O L OF LNG
SPILL FIRES O N L A N D , C R Y O G E N I C E N G I N E E R I N G C O N F E R E N C E , A T L A N T A ,
GA. , AUG 1973//A M E T H O D O L O G I C A L P R O C E D U R E S FOR R I S K A N A L Y S I S OF
L I Q U E F I E D N A T U R A L G f e S , P R E P A R E D F O R T H E C O U N C I L O N E N V I R O N M E N T A L
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QUALITY, ECOSYSTEMS, I N C O R P O R A T E D , A P R I L 1974
- S O U R C E I N F O R M A T I O N -
CORPORATE SOURCE -
I N T E R I O R DEPT. , W A S H I N G T O N , D.C.
J O U R N A L PROCEEDINGS -
ASHE SINTER A N N U A L M E E T I N G , (PRES. A T ) N E W Y O R K , N O V 17-22,
1974. P A P E R NO. 74-HA/PID-13
OTHER I N F O R M A T I O N -
0007 PAGES, 0000 F I G U R E S , 0003 TABLES, 0 0 1 U R E F E R E N C E S
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S u m m a r y
E N T R Y EVAL.
Good/Excel.
-ABSTRACT-
D E S I G N AND O P E R A T I O N OF THE H A N Y SAFETY R E L A T E D ASPECTS OF L O N G
I S L A N D LIGHTING C O M P A N Y S H O L B R O O K L N G (LIQUEFIED N A T U R A L G A S )
P L A N T I S DESCRIBED. SUCH F E A T U R E S R A N G E F R O M T H E C O M M O N
E Q U I P M E N T , SUCH AS GAS L E A K DETECTION, FIRE DETECTION AND
E M E R G E N C Y S H U T D O W N SYSTEMS, TO THE M O R E SOPHISTICATED A U T O M A T I C
D R Y P O W D E R A N D L N G " V A P O R DISPERSION SYSTEMS. C O N F O R M A N C E T O T H E
V A R I O U S APPLICABLE CODES AND S T A N D A R D S IS E X P L A I N E D AND THE
D E V E L O P M E N T O F P L A N T SYSTEMS ASSOCIATED W I T H P E R S O N N E L A N D
E Q U I P M E N T SAFETY THAT EXCEED THE R E Q U I R E M E N T S OF THESE CODES IS
ALSO D E T A I L E D . - . .
- B I B L I O G R A P H Y -
N A T I O N A L F I R E PROTECTION ASSOCIATION I N T E R N A T I O N A L , S T A N D A R D F O R
S T O R A G E A N D H A N D L I N G O F L I Q U E F I E D N A T U R A L G A S A T UTILITY G A S
P L A N T S , N-FPA N O . 5 9 A ( 1 9 6 7 ) / / N E W Y O R K STATE PUBLIC S E R V I C E
C O M M I S S I O N , 1 6 N Y C R R P A R T 2 5 9 L I Q U E F I E D N A T U R A L G A S , SECTIONS
259.9 ( A ) A M D 259.4 ( A ) ( I ) , (1972)
- S O U R C E I N F O R M A T I O N -
CO:R-PCR'ATE -SOU-8CE -
L O N G I S L A N D L I G H T I N G C O . , H I C K S V I L L E , N . Y .
J O U R N A L P R O C E E D I N G S -
A S K E W I N T E R A N N U A L M E E T I N G , ( P R E S . A T ) N E K Y O R K , N O V 17-22,
1974. P A P E R NO. 7 4 - W A / P I D - 1 0
O T H E R I N F O R M A T I O N -
0005 P A G E S , 0001 F I G U R E S , 0000 TABLES, 0002 R E F E R E N C E S
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AMERICAN GAS ASSOCIATION GAS MEASUREMENT MANUAL LNG
INSTRUMENTATION, DRAFT COPY
-ABSTRACT-
THIS P A P E R DESCRIBES T H E R E Q U I R E M E N T F O R H I G H L Y A C C U R A T E LIQUID
LEVEL M E A S U R E M E N T S I N T H E C A R G O T A N K S O F L A R G E M A R I N E L N G
C A R R I E R S . T H E A C C U R A C Y I S R E Q U I R E D F O R BOTH C A R G O H A N D L I N G A N D
CUSTODY T R A N S F E R . R E Q U I R E M E N T S F 0 2 T H E I N S T R U M E N T A T I O N I N C L U D E
M E A S U R E M E N T FROM T H E T A N K B O T T O M , D I V I S I O N O F T H E S E N S I N G REGION
INTO PARTS (TO I N C R E A S E A C C U R A C Y ) , NO M O V I N G P A R T S AND NO GAS
FLOWS. T H E M E A S U R I N G SYSTEM S A T I S F Y I N G THESE R E Q U I R E M E N T S CONSISTS
OF A LONG T U B U L A R S E N S O R , C O N S I S T I N G OF A SERIES OF C A P A C I T A N C E
SENSORS ALL OF THE S A M E L E N G T H . L E V E L IS M E A S U R E D BY D E T E R M I N I N G
THE N U M B E R OF S U B M E R G E D S E G M E N T S PLUS THE I M M E R S E D P A R T OF THE
S E N S O R A T T H E LIQUID S U R F A C E . T H E F R A C T I O N A L I M M E R S I O N O F T H E
S E N S O R AT THE L I Q U I D S U R F A C E IS M E A S U R E D BY THE R A T I O OF ITS
C A P A C I T A N C E TO THAT OF THE F U L L Y I M M E R S E D S E G M E N T BELOW IT. HIGH
A N D L O W LEVEL A L A R M S C A N B E A T T A C H E D T O T H E S E N S I N G S Y S T E M . A N
E M E R G E N C Y SYSTEM, E I T H E R A B U B B L E R TUBE OR A M A N U A L L Y - O P E R A T E D
FLOAT G A G E , C A N B E P R O V I D E D I N C A S E T H E M A I N SYSTEM B R E A K S D O H N .
-BIBLIOGRAPHY,-
DIGITAL .CAPACITANCE . S Y S T E M . F O R MASS, V O L U M E , A N D LEVEL
M E A S U R E M E N T S OF LIQUID P R O P E L L A N T S , A I A A J O U R N A L VOL 1, NO. 11,
PAGES 2590-2596 (NOV 1963}
-SOURCE I N F O R M A T I O N -
CORPORATE SOURCE -
A M E R I C A N G A S ASSOCIATION, A R L I N G T O N , V A .
OTHER I N F O R M A T I O N -
0009 PAGES, 0000 FIGURES, 0000 T A B L E S , 0001 R E F E R E N C E S
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S E C D R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y E V A L .
U/Unrestricted Unlimited State Of Art Good/Excel.
-ABSTRACT-
THIS B O O K S U M M A R I Z E S RECENT D E V E L O P M E N T S IN THE G E N E R A L A R E A OF
N A T U R A L G A S LIQUEFACTION A N D USE. T R E A T M E N T I S T E C H N I C A L R A T H E R
T H A N T H E O R E T I C A L A N D T H E R M O D Y N A M I C S , ECONOMIC E V A L U A T I O N S A N D
STATISTICAL DATA ARE RELEGATED TO THE APPENDICES. THE M A I N PART OF
THE R E V I E W CONSISTS OF AN INTRODUCTION DEALING W I T H THE HISTORICAL
D E V E L O P M E N T OF CRYOGENICS AND GAS LIQUEFACTION AND THEIR
APPLICATION IN THE GAS I N D U S T R Y . IT CONTINUES WITH AN A N A L Y S I S OF
N A T U R A L GAS SUPPLY AND D E M A N D AND DISCUSSES THE EFFECT LNG WILL
E X E B T ON THE B A L A N C E . N E X T FOLLOWS A STUDY OF N A T U R A L GAS
L I Q U E F A C T I O N - M E T H O D S A N D E Q U I P M E N T , I N SUBSEQUENT SECTIONS METHODS
AND M A T E R I A L S OF CONSTRUCTION -FOR LNG CARRIERS, FOR STORAGE T A N K S
A N D F O R RE-GASIFICATION E Q U I P M E N T , RESPECTIVELY, A R E R E V I E W E D W I T H
SPECIAL A T T E N T I O N PAID TO LOW T E M P E R A T U R E I N S U L A T I O N AND TO THE
EFFECTS OF C R Y O G E N I C C O N D I T I O N S ON THE S T R U C T U R A L S T R E N G T H OF
M A T E R I A L S OF CONSTRUCTION. A N O T H E R SECTION DEALS WITH A C T U A L AND
P O T E N T I A L OSES OF LNG AS A F U E L A N D / O R R E F R I G E R A N T , F O L L O W E D BY A
D I S C U S S I O N O N T H E SAFETY O F L N G I N S T A L L A T I O N S A N D P O T E N T I A L
H & S A H D S W H I C H C O U L D A R I S E D U E T O I T S L O W T E M P E R A T U R E A N D
F L A M K e B I L I T Y . A C O N C L U D I N G SECTION ASSESSES D E V E L O P M E N T S OF A
T E C H N O L O G I C A L N A T U R E WHICH A R E EXPECTED T O K A K E T H E I R IMPACT I N
THE NOT TOO D I S T A N T FUTURE.
-SOURCE I N F O R M A T I O N -
C O S P O R A T E S O U R C E -
ESSO D E V E L O P M E N T CO., LTD. , A B I N G D O N , E N G L A N D
P U B L I S H E R - -
J O H N W I L E Y A N D SONS, INC. , N E W Y O R K
OTHER I N F O R M A T I O N -
0185 PAGES, 0021 FIGURES, 0034 TABLES, 0224 R E F E R E N C E S
252
key 204,71
FUEL E N E R G Y SYSTEMS. C O N V E R S I O N A N D T R A N S P O R T EFFICIENCIES
by
U H L , A . E .
OO/GO/74
S E C U R I T Y CLASS A C C E S S L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestricted Unl imi ted S u m m a r y Good/Excel.
- ABSTRACT-
T H E D O M I N A N T SOURCES O F E N E R G Y T O D A Y A R E FUELS-GASEOUS, LIQUID,
AND SOLID - W H I C H , PRIOR TO B E I N G C O N V E R T E D TO H E A T OR ELECTRIC
E N E R G Y , ilTH T H E I R I N H E R E N T C O N V E R S I O N INEFFICIENCIES , A R E
T H E M S E L V E S SUBJECT TO A T T R I T I O N IN E N E R G Y CONTENT DUE TO
T R A N S P O R T A T I O N AND ALSO OFISN DUE TO C O N V E R S I O N OF F O R M A M O N G
T H E M S E L V E S . THE T R A N S P O R T T E C H N O L O G Y IS E S S E N T I A L TO THE
C O N V E R S I O N O F A N E N E R G Y R E S O U R C E INTO F U E L S U P P L Y . I N M A N Y CASES,
C O N V E R S I O N OF THE O R I G I N A L F U E L F O R M I N T O A N O T H E R FORM IS EITHER
N E C E S S A R Y O R I N H E R E N T I N T H E E X I S T I N G FUEL E N E R G Y SUPPLY C H A I N .
THE EFFICIENCY OF V A R I O U S 'EXISTING FUEL-TRANSPORT C O M B I N A T I O N S IS
A N A L Y Z E D ON' THE BASIS OF S Y S T E M S OPTIMIZED IN A C C O R D A N C E WITH
.CONVENTIONAL. ECONOMIC RESTRAINTS' . THIS. .EFFICIENCY IS INDICATED IN
T E R M S OF -FUEL E N E R G Y U N I T S C O N S U M E D 'PER T O N - M I L E OF FOEL
TBANSPORTED FOR THE D O M I N A N T FUEL TYPES, TRANSPORT METHODS, AND
BATCH QUANTITIES. IN ADDITION, C O N V E R S I O N , I N T E R F A C I N G , AND
S T O R A G E EFFECTS ARE C O N S I D E R E D . THE CONTEXT OF FUELS
TRANSPORTATION ENCOMPASSES THE GLOBAL M O V E M E N T OF ALL FUELS BY ALL
M E A N S WHICH IN C O M B I N A T I O N CONSTITUTE A D I S C Z R N A B L E P E R C E N T A G E OF
F U E L T R A N S P O R T ACTIVITY.
- P E R T I N E N T FIGURES-
TAB. 3 T R A N S P O R T A T I O N OPTIONS FOR V A R I O U S FUELS, PAGE 580//FIG.3
RELATIVE EFFICIENCY OF F R E I G H T - C A R G O T R A N S P O R T A T I O N METHODS, P A G E
583//TAB.10 FUEL T R A N S P O R T ECONOMICS, P A G E 584//TAB.11
FUEL-TO-ELECTRICITY SYSTEM EFFICIENCIES , PAGE 585//FIG.U O V E R A L L
EFFICIENCY OF E N E R G Y SUPPLY S Y S T E M S , P A G E 586
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ADDRESS TO T R A N S P O R T A T I O N SCIENCE S E M I N A R , UNIVERSITY OP
CALIFORNIA BERKELEY, (9 FSB 1973)//ROBB, J. E., TRANSPORTATION OF
E N E R G Y , (DIVISION FIVE POSITION P A P E R ) , PROCEEDINGS, N I N T H W O R L D
E N E R G Y CONFERENCE, (1973)// U H L , A . E . , FUELS T R A N S P O R T A N D T H E
POTENTIAL FOR E N E R G Y C O N S E R V A T I O N , COMMITTEE FOR THE CONSERVATION
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-ABSTRACT-
T H E L O N G - R A N G E O U T L O O K I S F O R S H A R P I N C R E A S E S I N A U T O M O T I V E FUEL
PRICES, P A R T I C U L A R L Y IN R E L A T I O N TO D I M I N I S H I N G FOSSIL (OIL, C O A L )
R E S O U R C E S . T H E F U T U R E C O S T S . O F C A R B O N - R I C H F U E L S A R E P R E D I C T E D T O
B E FOUR T I M E S C U R R E N T PRICES B Y 1990 O R E A R L I E R W H E N T H E Y W I L L
BEGIN TO BE S U P P L A N T E D BY H Y D R O G E N - R I C H FUELS, SUCH AS P R O P A N E AND
M E T H A N E . A B O U T 5 0 Y E A R S H E N C E , H Y D R O G E N - R I C H F U E L COSTS W I L L R A V E
ESCALATED TEN- TO T W E N T Y F O L D , AT W H I C H T I M E - C R Y O G E N I C H Y D R O G E N OR
M E T H A N E WILL B E C O M E THE MOST E C O N O M I C FUEL FOR T R A N S P O R T A T I O N
VEHICLES.
' - P E R T I N E N T FIGURES-
TAB. 2 C U R R E N T PRICE ESTIMATES OF CARBON-RICH AUTOMOTIVE FUELS FOR
HEAT E N G I N E S , P A G E 937//TAB.3 C U R R E N T PRICE ESTIMATES OF
HYDROGEN-RICH A U T O M O T I V E FUELS AND ELECTRICITY, P A G E 938//FIG.5
THE F U T U R E COSTS OF FUELS AND AUTOMOTIVE E N E R G Y IN AN A M P L E
S C E N A R I O , PAGE 939//FIG.6 F U T U R E COSTS O F H Y D R O G E N - R I C H A U T O M O T I V E
FUELS, P A G E 939//FIG.7 COST OF FOSSIL, S Y N T H E T I C , AND ELECTROLYTIC
A U T O M O T I V E FUELS, PAGE 939/ /TAB.4 S T O R A G E P R O P E R T I E S OF
H Y D R O G E N - R I C H A U T O M O T I V E F U E L S , PAGE 940
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SCIENTIFIC A M E R I C A N VOL 228,
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ANGELES TRANSPORTATION S Y M P O S I U M , d OCT 1973//BOCKRIS,J.OM., A
OGEN ECONOMY, SCIENCE VOL 176, NO. 4041, JUNE 23, 1972, P
//HINSCHE,W.E. , H O F F M A N , K . C . AND S A L Z A N O , P . J . , H Y D R O G E N . ITS
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- A B S T R A C T -
THE LNG S A F E T Y P R O G R A M , P H A S E I I , C O N S E Q U E N C E S OF LNG SPILLS ON
L A N D W A S A N E X P E R I M E N T A L A N D A N A L Y T I C A L P R O G R A M C A R R I E D O U T F O R
THE A H E B I C A N GAS ASSOCIATION. THE OBJECTIVES OF THE P H A S E II
P R O G R A M I N C L U D E D D E V E L O P M E N T O F M E T H O D S O F P R E D I C T I N G T H E
H A Z A R D O U S Z O N E S FOB L A R G E LNG SPILLS AND O B T A I N I N G D A T A ON METHODS
OF REDUCTION OF THE H A Z A R D O U S Z O N E S , THE P R I N C I P A L H A Z A R D S WERE
CONSIDERED T O - B E D O W N W I N D T R A V E L O F F L A M M A B L E M I X T U R E S A N D
R A D I A T I O N F R O M LNG FIRES. THE P R O G R A M I N V O L V E D E X P E R I M E N T A L SPILLS
INTO DIKES UP TO 80 FEET IN D I A M E T E R . F O U R TYPES OF E X P E R I M E N T S
WERE CONDUCTED, M E A S U R E M E N T S OF DISPERSION OF THE VAPOR CLOUD,
M E A S U R E M E N T S OF R A D I A T I O N EFFECTS F R O M F I R E S , OBSERVATIONS OF
C O N T R O L OF DISPERSION, AND O B S E R V A T I O N S OF CONTROL AND
E X T I N G U I S H M E N T OF FIRES. SOME U2 SPILLS W E R E M A D E INTO C I R C U L A R
DIKES UP TO 80 FEET IN D I A M E T E R AT THE TRW C A P I S T R A N O TEST SITE
F O R DISPERSION A N D . R A D I A T I O N E X P E R I M E N T S . C O N T R O L A N D
E X T I N G U I S H M E N T E X P E R I M E N T S H E R E C O N D U C T E D O N T H E SITE O F T H E A N S U L
C O M P A N Y AT M A R I N E T T E , W I S C O N S I N , IN D I K E S 20 FSET BY 20 FEET AND
30 FEET BY 40 FEET, SOME P R E L I M I N A R Y C O N T R O L E X P E R I M E N T S W E R E D O N E
W I T H 5-FOOT AND 10-FOOT-DIA M E T E R D I K E S AT THE P H I L A D E L P H I A GAS
W O R K S . THIS P R O G R A M HAS B E E N C A R R I E D OUT BY A R E S E A R C H T E A M
CONSISTING OF P E R S O N N E L FROM THE A M E R I C A N GAS ASSOCIATION ( A G A ) ,
BATTELLE COLUMBUS L A B O R A T O R I E S ( B C L ) , T R W SYSTEMS, INC. ( T R W ) ,
A R T H U R D. LITTLE, INC. ( A D L ) , U N I V E R S I T Y E N G I N E E R S (UE) , AND
PROFESSORS ROBERT 0. P A R K E R OF POLYTECHNIC INSTITUTE OF NEW YORK
AND HOBEBT C. REID OF HASSACH.US ETTS INSTITUTE OF TECHNOLOGY. THIS
TEAS WAS ASSISTED AND GUIDED BY TWO PANELS, INCLUDING
REPRESENTATIVES OF THE LNG I N D U S T R Y AND EXPERTS IN CRYOGENICS . THE
RESULTS AND CONCLUSIONS OF THE P R O G R A M ARE S U H M A R I Z E D IN SECTION A
OF THE I N T E R I M REPORT ON P H A S E II W O R K C O V E R E D H E R E .
-PERTINENT FIGURES-
FIG. A-5 PREDICTED D O W N W I N D E X T E N T OF FLAMMABLE PLUME
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-ABSTHACT-
T H E L N G SAFETY P R O G R A M , P H A S E I I , C O N S E Q U E N C E S O F L N G SPILLS O N
L A N D CALLED FOR TWO SERIES OF E X P E R I M E N T S — S O M E 30 D I S P E R S I O N
E X P E R I M E N T S A N D 1 2 R A D I A T I O N E X P E R I M E N T S — T O B E C O N D U C T E D B Y
SPILLING L N G INTO DIKES A N D M E A S U R I N G T H E D O W N W I N D C O N C E N T R A T I O N S
IN THE DISPERSION EXPERIMENT AND THE RADIATION CHARACTERISTICS IN
FIRE. E X P E R I M E N T S . THE O B J E C T I V E S OF THE . PROJECT AND THE
E X P E R I M E N T A L P L A N IMPLIED C E R T A I N R E Q U I R E M E N T S FOR THE SITE AND
FOR THE I N S T R U M E N T A T I O N , W H I C H ARE D E S C R I B E D IN SECTION B OF THE
I N T E R I M REPORT ON P H A S E I I W O R K 'COVER'ED H E R E . ALSO DESCRIBED IS
T H E EMPIRICAL C O R R E L A T I O N F O R D O W N W I N D D I S T A N C E S V E R S U S P E A K
M E T H A N E CONCENTRATIONS R E S U L T I N G FROM THE F L A S H OF VAPOR W H E N LNG
FIRST COVERS THE W A R M SOIL - O B T A I N E D FROM A N A L Y S I S OF TBE GAS
SENSOR DATA.
- P E R T I N E N T FIGURES-
TAB.C-15 LNG FIRE D A T A , P A G E C-47//FIG.C-18 COMPARISON OF
DISPERSION MODELS P R E D I C T I O N S O F M E T H A N E C O N C E N T R A T I O N S W I T H
C O R R E L A T I O N OF C A P I S T R A N O GAS S E N S O R DATA, P A G E C-66//FIG.C-22
R A D I A N T FLUX ON TARGET O R I E N T E D FOR M A X I M U M I N T E N S I T Y — N O HIND,
PAGE C-78//FIG.C-23 EFFECf OF H I N D ON R A D I A N T FLUX ON T A R G E T
ORIENTED FOR M A X I M U M I N T E N S I T Y , P A G E C-80
-BIBLIOGHAPHY-
T H E R M A L RADIATION AND OVERPRESSURES FROM I N S T A N T A N E O U S LNG RELEASE
INTO THE ATMOSPHERE—PHASE II , A P P E N D I X , A. AN E X P E R I M E N T A L
INVESTIGATION OF THE ATMOSPHERIC DIFFUSION AND IGNITION OF
BOIL-OFF VAPORS ASSOCIATED W I T H A SPILLAGE OF LIQUEFIED N A T U R A L
GAS, TBW SYSTEMS, INC., REPORT TO A . G . A . ( M A Y 1 9 6 9 ) / / M A Y , W . G . AND
M C Q U E E N , W . , R A D I A T I O N FROM L A R G E LIQUEFIED N A T U R A L GAS FIRES,
COMBUSTION SCIENCE AND T E C H N O L O G Y , VOL 7, 51-6 (1973) / /ATALLAH, S.
AND A L L A H , D . S . , SAFE SEPARATION DISTANCES F R O M LIQUID FUEL FIRES,
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- A B S T R A C T -
THE O V E R A L L . OBJECTIVE OF THE V A P O R D I S P E R S I O N SPILL TESTS
C O N D U C T E D I N THIS P R O G R A M W A S T O P R O V I D E L A R G E S C A L E E X P E R I M E N T A L
D A T A W H I C H COULD BE USED TO V E R I F Y OR I M P R O V E E X I S T I N G LNG V A P O R
DISPERSION MODELS. P R I O R TO THIS P R O G R A M , SUCH M O D E L S HAD B E E N
DEVELOPED U S I N G G E N E R A L M O D E L S O F A T M O S P H E R I C D I S P E R S I O N D E V E L O P E D
FOR VARIOUS OTHER P O L L U T A N T S AND HAD BEEN CHECKED A G A I N S T A
L I M I T E D N U M B E R OF SHALL SCALE SPILL TESTS. IN THIS P R O G R A M , .
E X P E R I M E N T A L SPILLS INTO AN 80-FT D I A M E T E R D I K E I N C R E A S E D A C T U A L
SPILL D I M E N S I O N S BY ABOUT AN O R D E R OF HAG NITUDE " O V E R MOST PREVIOUS
TESTS. C O N F I R M A T I O N OF MODELS ON THIS SCALE ADDS CONFIDENCE IN
U S I N G MODELS FOR FULL SCALE F A C I L I T Y PREDICTIONS. AN EQUALLY
I M P O R T A N T OBJECTIVE WAS TO L E A R N M O R E ABOUT THE N A T U R E OF THE
V A P O R DISPERSION H A Z A R D AND TO D E V E L O P METHODS FOR M I N I M I Z I N G OR
E L I M I N A T I N G THE C O M B U S T I B L E V A P O R C L O U D P R O B L E M S ASSOCIATED WITH
A C C I D E N T A L SPILLS THAT C O U L D OCCUR I N T H E L N G I N D U S T R Y S
O P E R A T I O N S . A P R E D I C T I V E M O D E L D E V E L O P E D AT A. D . L ITTLE, INC. AND
U S E D IN I N T E R P R E T I N G TEST D A T A IS D E S C R I B E D IN SECTION D OF THE
I N T E R I M R E P O R T ON P H A S E I I W O R K C O V E R E D H E R E , A L O N G WITH A
DETAILED P R O G R A M LISTING A N D A USERS M A N U A L .
- P E R T I N E N T F I G U R E S -
FIG. D-29 SOIL HEAT T R A N S F E R T E R M S , PAGE D-82//FIG. D-37 EFFECT OF
TIME ON VAPOR FLOW H A T E OVER LEE EDGE, P A G E D-97
-BIBLIOGRAPHY-
P A B K E R , R . O . , A STUDY OF D O W N W I N D V A P O R T R A V E L F R O M LNG SPILLS, A.
GAS ASSOC., DISTRIBUTION C O R P . , SEATTLE, W A S H I N G T O N ( M A Y 25-8,
1970)// BURGESS,D. AND Z A B E T A K I S , M. G. , FIRE AND EXPLOSION H A Z A R D S
ASSOCIATED WITH LIQUEFIED N A T U R A L G A S , U.S. DEPT. INTERIOR, BUR.
HINES REPORT 6099 (1962) / /BOYLE, G. J . AND K N E E B O E N , A . , L A B O R A T O R Y
INVESTIGATION INTO THE CHARACTERISTICS OF LNG SPILLS ON W A T E R .
E V A P O R A T I O N , S P R E A D I N G , AND V A P O R DISPERSION, SHELL R E S E A R C H LTD.,
261
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SPILLS ON W A T E R , PAPER P R E S E N T E D AT THE DIVISION OF R E F I N I N G ,
A M E R I C A N PETROLEUM INST. , PHILADELPHIA, PENN. ( M A Y
1973)//BURGESS,D.S., MURPHY, J. N. AND ZABETAKIS, B. G. , H A Z A R D S
ASSOCIATED WITH THE SPILLAGE OF LIQUEFIED N A T U R A L GAS IN W A T E R ,
B U R E A U OF HINES, R.I. 1HH8 (1970)//BU RGESS, D. S. , BIORDI,J. AND
M U R P H Y , J . N . , H A Z A R D S OF SPILLAGE OF LNG INTO HATER, BUREAU OF
H I N E S , MIPR NO. Z-70099-9-12395 (1972)
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- A B S T R A C T -
SECTION E OF THE I N T E R I M R E P O R T ON P H A S E II W O R K S U M M A R I Z E S THE
A N A L Y S I S B Y U N I V E R S I T Y E N G I N E E R S O F T H E F I E L D M E A S U R E M E N T S O N
A T M O S P H E R I C V A P O R DISPERSION F R O M L N G SP.ILLS O N L A N D . I N I T I A L L Y I T
W A S ANTICIPATED T H A T R I G O R O U S M A T H E M A T I C A L MODELS W O U L D B E N E E D E D
T O A N A L Y Z E A N D C O F R E L A T E T H E D A T A . H O W E V E R , A P R E L I M I N A R Y
E V A L U A T I O N O F T H E M E A S U R E M E N T S I N D I C A T E D T H A T T H E M O R E
SOPHISTICATED A N A L Y S E S COULD BE USED TO FORM THE BASES FOR
SIMPLIFIED TECHNIQUES WHICH W O U L D BE A D E Q U A T E FOR THE PURPOSES
I N T E N D E D . THESE S I M P L I F I E D T E C H N I Q U E S ' E N A B L E SHORT-CUT
CALCULATIONAL' - P R O C E D U R E S FOR P R E D I C T I N G . VAPOR DISPERSION. NOTHING
MORE T H A N A SLIDE R U L E AND ACCESS TO FUNCTIONS R E A D I L Y A V A I L A B L E
IN THE L I T E R A T U R E ARE R E Q U I R E D AND THE RESULTS ARE A D E Q U A T E FOR
MOST E N G I N E E R I N G APPLICATIONS. THIS U . E . P R O C E D U R E SHOULD BE
USEFUL IN M A K I N G P R E L I M I N A R Y STUDIES FOR A SITE TO D E T E R M I N E THE
EFFECTS OF V A R I A T I O N S IN SITE GEOMETRY, A T M O S P H E R I C P A R A M E T E R S ,
AND SOIL PROPERTIES. IT IS LIMITED BY THE ASSUMPTION OF
I N S T A N T A N E O U S LNG C O V E R A G E OF THE D I K E FLOOR, AND T A K E S NO C R E D I T
FOR VAPOR HOLDUP IN THE D I K E , H E N C E , THE BENEFITS OF V A P O R S T O R A G E
OR SLOPING FLOORS ARE NOT C O V E R E D IN THIS S I M P L E M O D E L .
-PERTINENT FIGURES-
FIG. E-41 CALCULATED E V A P O R A T I O N R A T E FOR AN LNG SPILL ON A V E R A G E
SOIL, PAGE E-53//FIG.E-UU GROUND LEVEL M E T H A N E CONCENTRATIONS
D O W N W I N D OF A 200-FOOT LNG SPILL, N E U T R A L A T M O S P H E R E , 5 MPH H I N D ,
PAGE E-58//FIG.E-45 C O N C E N T R A T I O N PROFILES FOLLOWING AN LNG SPILL,
PAGE E-60//FIG.E-16 C O N C E N T R A T I O N C H A N G E S V A R I O U S DISTANCES
D O W N W I N D OF AN LNG SPILL, P A G E E-61//FIG.E-U7 EFFECT OF W I N D SPEED
ON CONCENTRATION PROFILES, PAGE E-62// FIG.E-U8 EFFECT OF
EVAPORATION RATE ON C O N C E N T B A T I O N PROFILES, PAGE E-63
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- A B S T R A C T -
SECTION F OP THE I N T E R I M R E P O R T ON P H A S E I I W O R K S U M M A R I Z E S THE
A N A L Y S I S B Y U N I V E R S I T Y E N G I N E E R S O F T H E F I E L D M E A S U R E M E N T S O N
R A D I A N T H E A T F L U X E S F R O M L N G FIRES. A L T H O U G H HOST O F T H E FIELD
TESTS W E B E P E R F O R M E D AT THE TRW C A P I S T R A N O TEST SITE, D A T A
O B T A I N E D I N THIS P R O G R A M B Y U N I V E R S I T Y E N G I N E E R S A T T H E A N S U L
FACILITIES IN M A H I N E T T E , W I S C O N S I N , ABE INCLUDED TO S U B S T A N T I A T E
T H E R A D I A N T HEAT F L U X C A L C U L A T I O N S . A G A I N , A S WITH T H E DISPERSION
A N A L Y S I S , IT HAS BEEN F O U N D T H A T SIMPLIFIED C A L C U L A T I O N A L
T E C H N I Q U E S ABE A D E Q U A T E FOR THE PURPOSES I N T E N D E D . HEAT T R A N S F E R
F R O M A FIRE TO AN OJBJECT OCCURS" BY R A D I A T I O N AND C O N V E C T I O N . IF
THE OBJECT IS W I T H I N THE F L A M E OR THE HOT GAS P L U M E , R A D I A T I O N IS'
THE D O M I N A N T M E C H A N I S M . IF THE OBJECT IS OUTSIDE THIS E N V E L O P E ,
T H E N THE HEAT T R A N S F E R IS BY R A D I A T I O N A L O N E . ONLY THE LATTER CASE
HAS CONSIDERED IN THIS S T U D Y . E S S E N T I A L L Y , TWO A N A L Y T I C A L M E T H O D S
A R E A V A I L A B L E F O R P R E D I C T I N G R A D I A N T H E A T T R A N S F E R FROM FL-AMES.
SINCE EACH OF THEM SUFFERS F H O M DEFICIENCIES, CERTAIN COMPROMISES
H A V E TO BE M A D E IN THE A N A L Y S I S .
- P E R T I N E N T F I G U R E S -
FIG. F-3 C O M P A R I S O N OF
6-FOOT, 20-FOOT, AND
NON-PILOTED IGNITION
M E A S U R E D A N D PREDICTED F L A M E A N G L E S F O R
80-FOOT LNG FIRES, P A G E F- 1 1//FIG .F-7
TIME OF DRY R E D W O O D EXPOSED TO F L A M E
R A D I A T I O N , PAGE F-2 1//FIG. F-8 F L A M E A N G L E FOR A 200 FOOT LNG FIRE,
P A G E F-23//FIG.F-9 C A L C U L A T E D R A D I A N T FLUXES FOR A 200 FOOT LNG
FIRE, PAGE F-2U
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RADIATION FROM LNG FIRES
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EV AL.
U/Onrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
EARLY IN PROCESS OF CONCEPTUAL DESIGN AND SITING OF LNG PROCESSING
AND STORAGE FACILITIES, IT IS IMPORTANT TO ESTIMATE SAFE
SEPARATION DISTANCES FROM POTENTIAL LNG SPILL FIRES. TO ACHIEVE
THIS ONE NEEDS TO IDENTIFY POTENTIAL CAUSES OF SPILLS, DETERMINE
THEIR LIKELY LOCATIONS AND SIZES AND THEN ESTIMATE, USING AN
APPROPRIATE THERMAL RADIATION MODEL, THE INTENSITY OF RADIATION AT
VARIOUS DISTANCES FROM THES.E LOCATIONS. DEPENDING. ON THE RESULTS,
APPROPRIATE ADJUSTMENTS MAY HAVE TO BE MADE IN THE PLANT LAYOUT TO
PREVENT. OR MINIMIZE INJURY TO LIFE AND PROPERTY.' WHERE THIS IS
IMPOSSIBLE TO ACHIEVE, FIRE PROTECTION SYSTEMS ARE SELECTED TO
REDUCE THE POTENTIAL HAZARD TO ACCEPTABLE LEVELS. THE OBJECTIVE OF
THE PRESENT STUDY HAS TO SELECT AND MODIFY IF NECESSARY AN
ANALYTICAL MODEL THAT CAN BE USED TO PREDICT THE THERMAL RADIATION
HAZARD FROM LNG FIRES ON LAND. THE SELECTION WAS TO BE BASED .ON
THE ADEQUACY OF THE MODEL TO CORRELATE EXPERIMENTAL DATA DEVELOPED
DURING SEVEN 6-FOOT, SIX 20-FOOT^ AND ONE 80-FOOT LNG SPILL FIRES
CONDUCTED UNDER THIS PROGRAM AS WELL AS OTHER EXPERIMENTAL DATA
DEVELOPED BY OTHERS. .A COMPUTER PROGRAM WAS ALSO TO BE PROVIDED
WITH ADEQUATE INSTRUCTIONS FOR ITS USE. THIS REPORT (SECTION G OF
THE INTERIM REPORT ON PHASE II WORK) BEGINS WITH A REVIEW OF
EXPERIMENTAL STUDIES CONDUCTED BY OTHERS. THE EXPERIMENTAL DATA
DEVELOPED UNDER THIS PROGRAM ARE THEN PRESENTED AND ANALYZED. A
MODEL IS FINALLY PRESENTED AND ITS PREDICTIONS COMPARED WITH
EXPEBIMENTAL DATA. A COMPUTERIZED VERSION OF THE MODEL IS ALSO
PROVIDED.
-PERTINENT FIGURES-
FIG. G-9 FLAME SURFACE HEAT FLUX VERSUS DIKE DIAMETER, PAGE
G-35//TAB.G-11 PERCENT ENERGY RADIATED, PAGE G-39
-BIBLIOGRAPHY-
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A N D M C Q U E E N , W . , R A D I A T I O N FROM L A R G E L N G FIRES, COMBUSTION SCIENCE
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Incremental Good/Excel.
- ABSTRACT-
SECTION I OF THE INTERIUM REPORT ON PHASE II WORK COVERS
EXPERIMENTS WHICH WEHE DESIGNED TO EVALUATE MODERN MATERIALS AND
TECHNIQUES OF FIRE CONTROL AND TO DETERMINE THE EFFECTIVENESS OF
HIGH-EXPANSION FOAMS IN SUPPRESSING VAPOR GENERATION AND
DISPERSION. ANALYSES OF ASSUMED MAXIMUM LNG FIRE CONDITIONS IN AN
LNG PLANT USUALLY INDICATE SEVERE RADIANT HEATING EFFECTS ON BOTH
PLANT AND SURROUNDING FACILITIES. TO ALLEVIATE THESE POTENTIALLY
ADVERSE RADIANT HEATING EFFECTS, IT IS USUALLY NECESSARY TO
PROVIDE BATHER EXTENSIVE AND EXPANSIVE EXPOSURE CONTROL PROVISIONS
(NORMALLY -DIRECT CONTACT HATER SPRAY SYSTEMS) OR TO .PROVIDE FOR
DIRECT CONTROL OF THE LNG FIRE. TO DATE IN THIS COUNTRY MOST LNG
PLANTS THAT HAVE CONSIDERED LARGE SPILL FIRE CONDITIONS HAVE
UTILIZED THE HATER SPRAY OR HATER CURTAIN APPROACH. HOWEVER,
SEVERAL LNG FACILITIES IN OTHER COUNTRIES (JAPAN, FRANCE, AND
CANADA) ARE EQUIPPED TO CONTROL LNG FIRES DIRECTLY WITH HIGH
EXPANSION FOAM SYSTEMS. THE TEST REPORTS CURRENTLY AVAILABLE FROM
THESE INSTALLATIONS ON THE CONTROL OF LNG FIRES WITH HIGH
EXPANSION FOAM SYSTEMS GIVE ONLY QUALITATIVE RESULTS. THE AMERICAN
GAS ASSOCIATION, THEREFORE, SPONSORED A JOINT INDUSTRY TEST
PROGRAM ON REALISTIC LNG POOL FIRES TO EVALUATE THE FACTORS IN
CONTROLLING LNG FIRES WITH AVAILABLE HIGH EXPANSION FOAM EQUIPMENT
AND FOAM CONCENTRATES. THE EXPERIMENTAL PROGRAM ALSO INCLUDED AN
EXTENSIVE EVALUATION OF THE DRY CHEMICAL FIRE EXTINGUISHING
REQUIREMENTS FOR THE SIZES OF LNG SPILL FIRES THAT MAY OCCUR WITH
RELATIVELY NORMAL MALFUNCTIONS IN LNG PLANT OPERATIONS. SPECIFIC
OBJECTIVES OF THIS EXPERIMENTAL PROGRAM WERE. 1, TO EVALUATE THE
EFFECTIVENESS OF COMMERCIALLY AVAILABLE DRY CHEMICAL AGENTS IN
EXTINGUISHING LNG POOL FIRES AND TO DETERMINE MINIMUM APPLICATION
BATES, 2. TO DETERMINE THE EFFECTS OF EXPANSION BATIOS AHD OF
APPLICATION BATES OF HIGH EXPANSION FOAHS IN CONTROLLING LNG
FIRES, 3. TO OBSEBVE THE REDUCTION IN EXTERNAL RADIATION FROM LNG
FIBES BY WATEB SPBAYS BETWEEN THE FIRE AND POSSIBLE TARGETS, AND
ALSO BY HIGH EXPANSION FOAMS ON THE BURNING LNG POOL, 1. TO
MEASUBE THE VAPOR SUPPBESSION PRODUCED BY A HIGH EXPANSION FOAH
BLANKET ON & NONBURNING LNG POOL.
-PERTINENT FIGUBES-
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FIG.1-1 EFFECTS OF F O A M APPLICATION BATE ON LNG FIRE CONTROL TIME,
PAGE I-5//FIG.I-2 EFFECTS OF FOAM E X P A N S I O N RATIO ON E X T E R N A L
R A D I A T I O N HEAT FLUX LEVELS, PAGE I-6//FIG.I-3 C O R R E L A T I O N OF THE
HIGH E X P A N S I O N FOAM CONTROL TIMES, PAGE I-7//TAB.I-1 COMPARISON OF
DRY C H E M I C A L AGENT THRESHOLD LIMITS FOR THE E X T I N G U I S H M E N T OF
EXPOSED LNG POOL FIRES WITH A TOTAL LNG EVAPORATION R A T E OF NOT
MORE T H A N 0.5 INCH PER M I N U T E , PAGE 1-16 //TAB. 1-2 COST
EFFECTIVENESS C O M P A R I S O N OF THE DIFFERENT DRY CHEMICAL AGENTS DSED
I N V A R I O U S SIZE D R Y CHEMICAL E Q U I P M E N T A N D APPLIED B Y V A R I O U S
M E T H O D S , P A G E 1-17
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- A B S T R A C T -
THE PURPOSE OF SECTION J OF THE INTERIM REPORT ON PHASE II WORK IS
TO COMPARE THE BATTELLE CORRELATION OF THE EXPERIMENTAL VAPOR
DISPERSION DATA WITH VALUES COMPUTED FROM A MODEL THAT WAS
DEVELOPED FROM CONSIDERATIONS ENTIRELY APART FROM AND PRIOR TO THE
TESTS OF THIS PROGRAM. SINCE THE CALCULATED VALUES AND THE
CORRELATION AGREE REASONABLY HELL, CALCULATIONS OF VAPOR
DISPERSION FOR CONTAINMENT SYSTEMS HAVING DIFFERENT GEOMETRIES,
BOIL-OFF RATES, AND WEATHER CONDITIONS CAN BE UNDERTAKEN WITH.AN
EXPECTATION OF REASONABLE ACCURACY. THE MODEL USED HERE IS AN AREA
SOURCE MODEL WHICH PERMITS DILUTION OVER THE AREA SOURCE. ITS
DEVELOPMENT WAS DESCRIBED IN 1970 AND IT HAS UNDERGONE SOME
MODIFICATION SINCE THAT TIME.
-PERTINENT FIGURES-
FIG. J-1 EXTENT OF PEAK FLAMMABLE PLUME, PAGE J-3//FIG.J-2 EXTENT
OF PEAK FLAMMABLE PLUME, PAGE J-5
-BIBLIOGRAPHY-
PABKER,R.O., A STUDY OF DOWNWIND VAPOR TRAVEL FROM LNG SPILLS,




POLYTECHNIC INST. OF BROOKLYN, N.Y.
JOORHAL PROCEEDINGS -
LNG SAFETY PROGBAM INTERIM BEPOBT ON PHASE II WORK, SECT. J,
J-1 - J-6 (JUL 1974)
PUBLISHER -
BATTELLE COLUMBUS LABS., OHIO
OTHER INFORMATION -
271
keys 21081 through 21085
NEW Cf iYOGENIC STOfiAGE SYSTEMS
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N E L S O N , A . H .
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SECURITY CLASS ACCESS L E V E L REPORT CLASS ENT8Y EVAL.
U/Unrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
A S E R I E S OF C O N T R O L L E D E X P E R I M E N T S TO M O R E A C C U R A T E L Y D E F I N E THE
A C T U A L B E H A V I O R C H A R A C T E R I S T I C S O F PERLITE I N COLD SERVICE W E R E
C O N D U C T E D BY THE PITTSBURGH-DBS M O I N E S STEEL CO. ONE TEST
D E T E R M I N E D O N A N ACCELERATED BASIS W H E T H E R T H E I N N E R CYLINDRICAL
SHELL OF A SMALL DOUBLE-WALL, PERLITE INSULATED C R Y O G E N I C STORAGE
T A N K COULD B U C K L E D U R I N G T H E R M A L H A R H - U P O F T H E T A N K D U E T O
PERLITE COMPACTION A N D C O N S O L I D A T I O N CAUSED B Y T H E T A N K S T H E R M A L
A N D STRESS M O V E M E N T S . T H E I N N E R SHELL H A S T H E R M A L L Y CYCLED B E T W E E N
L I Q U I D NITROGEN T E M P E R A T U R E A N U A M B I E N T A I R T E M P E R A T U R E . ' E A C H
T H E R M A L . C Y C L E P R O D U C E D A R A D I A L M O V E M E N T OF THE I N N E R SHELL OF
0.112 IN-. R E S U L T I N G IN A V O L U M E T R I C DISPLACEMENT O F ' 3 . - 7 P E R C E N T OF
THE A N N U L A R V O L U M E OF PERLITE . A F T E R 7. CYCLES THE SHELL BUCKLED. A
TEST WAS T H E N C O N D U C T E D ON A L A R G E R (60 FT D I A M E T E R BY 2U FT H I G H )
T A N K W I T H A N 18-IN. A N N U L A R SPACE F O R T H E PERLITE. JACKET
T E R S I O N I N G CYCLES W E R E P E R F O R M E D . R E S U L T S S H O W E D T H f t T , 1 ) T H E
W O R K I N G { T E M P E R A T U R E V A R I A T I O N S ) OF THE OUTER J A C K E T IS A M A J O R
F A C T O R I S T H E C O N S O L I D A T I O N O F PERLITE I N A N A N N U L A R I N S U L A T I O N
S P A C E OF A D O U B L E - W A L L T A N K , 2) IF SUCH A T A N K IS T A K E N OUT OF
COLD S E R V I C E , T H E B U I L D U P O F E X T E R N A L P R E S S U R E O N T H E I N N E R T A N K
AS IT E X P A N D S I N T O THE BED OF P E R L I T E CAN BE C O N S I D E R A B L E . T80 NEW
S H E L L I N S U L A T I O N SYSTEMS W E R E C O N S E Q U E N T L Y D E V E L O P E D T O E L I M I N A T E
THESE P R O B L E M S , ONE, A SHELL I N S U L A T I O N SYSTEM C O M P O S E D E N T I R E L Y
OF GLASS FIBER P L A C E D IN SUCH A B A N N E R T H A T IT IS H E L D IN P L A C E BY
F R I C T I O N F R O M R E S I D U A L B A D I A L COMPRESSION IN THE GLASS F I B E R
O B T A I N E D B Y U S I N G T I G H T L Y C O M P R E S S E D B U N D L E S A N D T H E OTHER, A
S Y S T E H C O M P O S E D OF GLASS F IBER IN C O N J U N C T I O N W I T H F E R L I T E . ONE
G L A S S FIBER L A Y E R IS I N S T A L L E D A D J A C E N T TO THE JACKET W A L L W H I C H
P R E V E N T S PERLITE C O N S O L I D A T I O N FROM T H E W O R K I N G O F T H E J A C K E T A N D
A N O T H E R A D J A C E N T T O T H E I N N E R VESSEL W A L L W H I C H P R E V E N T S PERLITE
C O N S O L I D A T I O N F R O M M O V E M E N T S OF THE I N N E R SHELL. DETAILS OF THE
USE OF GLASS FIBER SHELL I N S U L A T I O N SYSTEM IN THE LA SPEZIA TWO
315,000 B B L L N G S T O R A G E VESSELS A R E G I V E N .
-PERTINENT FIGURES-
T A B . 1 RESULTS OF FIRST B U C K L I N G CYCLE ON 60-FOOT-DIAMETER
D O U B L E - W A L L T A N K , P A G E 23//FIG.1 D O U B L E - W A L L C R Y O G E N I C T A N K MODEL
USED FOR A C C E L E R A T E D B U C K L I N G TEST, PAGE 22//FIG.3 THE 315,000
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B A R R E L LNG STORAGE VESSELS U N D E R CONSTRUCTION AT LA SPEIZA, ITALY,
P A G E 24//FIG.4 NEW D E V E L O P M E N T IN SHELL INSOLATION SYSTE8S USING A
U N I Q U E COMBINATION OP G L A S S FIBER AND PERLITE, P A G E 25//FIG.6
RESULTS OF T H E R M A L C O N D U C T I V I T Y TESTS ON 6 M I C R O N GLASS FIBER
INSOLATION, PAGE 27
- S O U R C E I N F O R M A T I O N -
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-ABSTRACT-
THIS IS PART 2 OF A TWO PART ARTICLE ON NEW (IN 1969) DEVELOPMENTS
IK ABOVE GROUND METAL LNG STORAGE TANKS. DISCUSSED HERE IS THE
PROBLEM OF PERLITE COMPACTION - IT FLOWS INTO THE INSULATING
ANNULUS VOID SPACE CREATED DURING TANK COOLDOWN AND COMPACTS,
CREATING EXCESSIVE PRESSURES AND LOADING ON THE TANK SHELLS DURING
WARHUP - AS WELL AS ITS REMEDY WHICH HAS PROVEN EFFECTIVE IN
ACTUAL PRACTICE. THE SOLUTION LIES IN THE INSTALLATION OF A
RESILIENT FIBERGLASS BLANKET, INSTALLED ON THE OUTER SURFACE OF
THE INNER TANK SHELL, WHICH ACTS AS A SPRING TAKING WALL MOVEMENT
IS RESILIENCY 'RATHER THAN LEAVING VOIDS THAT PERLIT-E WOULD FILL.
-PERTINENT FIGURES-
FIG.3 MOVEMENTS TO BE CONSIDERED WHEN DESIGNING A DOUBLE HALL LNG
TANK, PAG-E 21U//FIG.4 A U5, 000 GALLON CAPACITY HORIZONTAL LIQUID
HYDROGEN DEHAR, PAGE 214
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LIQUEFIED NATURAL GAS, WINTER ANNUAL MEETING ASME, NOV
1966//BRl'NT,W.R. , HORTON STEEL WORKS, LTD. AND CLAPP,M.B., CHICAGO
BRIDGE AND IRON COMPANY, DESIGN OF ETHYLENE AND LNG LIQUEFACTION
AND STORAGE FACILITIES, 50TH CONFERENCE AND EXHIBITION OF THE
CHEMICAL INSTITUTE OF CANADA, TORONTO, JUNE 1967//LUSK,D.T.,
CHICAGO BRIDGE AND IRON COMPANY AND DORNEY,D.C., CHICAGO BRIDGE
LTD., ADVANCEMENTS IN CONSTRUCTION AND PERFORMANCE OF ABOVEGROUND
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R E F R I G E R A T I O N , M A D R I D , SPAIN, SEP 1967
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CHICAGO BRIDGE AND I R O N CO., OAK BROOK, ILL.
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CRYOG. TECBNOL. VOL 5, NO. 5, 213-5 (SEP/OCT 1969) (PSES. AT
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unl imited S u m m a r y Good/Excel.
-ABSTRACT-
A L T E R N A T E FUELS, HITH A N E M P H A S I S O N LIQUEFIED N A T U R A L GAS, W E R E
R E V I E W E D FOR FEASIBILITY OF USE IN AIRCRAFT G R O U N D SUPPORT
E Q U I P M E N T T O R E D U C E A I R POLLUTION. ELECTRICITY, S T E A M , A N D W A N K E L
E N G I N E S W E R E ALSO I N V E S T I G A T E D . A LITERATURE S U R V E Y , A T T E N D A N C E AT
C O N F E R E N C E S , AND P E R S O N A L I N T E R V I E W S L E A D TO THE CONCLUSION THAT
THE MOST PRACTICAL SYSTEM IS THE USE OF LIQUEFIED P E T R O L E U M GAS
A N D C A T A L Y T I C C O N V E R T E R S O N PRESENT GASOLINE ENGINE SUPPORT
E Q U I P M E N T . NO U S E F U L POLLUTION R E D U C T I O N METHODS H E R E FOUND FOR
DIESELS. . . .
- P E R T I N E N T FIGURES-
FIG. 1 POSSIBLE POSITIVE V E N T GAS DISPOSAL SYSTEM, P A G E 9//FIG.2
FIRST G E N E R A T I O N LNG D I S T R I B U T I O N S Y S T E M , PAGE 13
-8 IBHOGRAPHY-
N A V A I R 06-03-501 OF 1 M A R C H 1971, T E C H N I C A L M A N U A L OF
O X Y G E N / N I T R O G E N C R Y O G E N I C S Y S T E M S , P P 2 - 8 / / P E T S I N G E R , R . E . , LNG ON
THE M O V E , GAS M A G A Z I N E , (DEC 1 9 6 7 ) / / B A R R O N , R . , C R Y O G E N I C S Y S T E M S ,
M C G R A W - H I L L BOOK CO., NEK Y O R K , PP256 (1966)
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
N A V A L A I R E N G I N E E R I N G C E N T E R , P H I L A D E L P H I A , P A .
R E P O R T N U M B E R -
NAEC-GSED-59/ /AD-755151
O T H E R I N F O R M A T I O N -
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276
keys 21158 through 21159
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- A B S T R A C T -
W H E N LIQUEFIED N A T U R A L GAS ( L N G ) IS SPILLED O N T O H A T E R , A V I O L E N T
EXPLOSION M A Y OCCUR, C A U S E D B Y T H E S U D D E N R E L E A S E O F E N E R G Y STORED
IN A S U P E R H E A T E D , METASTABLE LNG P H A S E . IT IS T H E f i E F O R E T E R M E D A
SUPERHEAT-LIMIT EXPLOSION ( S L E ) . A SLE DOES NOT C O N T A I N F L A M E S ,
BUT IS V E R Y NOISY. A C C O R D I N G TO ONE THEORETICS E S T I M A T E , THE
EXPLOSION iHICH CAN OCCUR W H E N LNG IS SPILLED ONTO WATER IS
E Q U I V A L E N T TO 1/50 TO 1/17 THE E X P L O S I O N OF A S I M I L A R MASS OP TNT.
BECAUSE THE LNG WOULD BE- S P R E A D O V E R A M U C H BIGGER A R E A , H O W E V E R ,
THE FORCE PER UNIT A R E A F R O M SUCH AN EXPLOSION W O U L D A P P A R E N T L Y
NOT BE -LARGE. SLE ON ' W A T E R HAS BEEN S H O W N TO OCCUR O N L Y W H E N THE
LNG CONTAINS A B N O R M A L L Y HIGH A M O U N T S OF H E A V I E R H Y D R O C A R B O N S ( IS
LESS T H A N OH EQUAL TO 50 HOL P E R C E N T ) . DISCUSSED H E R E ARE
EXPLOSIONS THAT OCCUB WHEN LNG IS POURED ONTO V A R I O U S O R G A N I C
LIQUIDS. OCCURRENCES OF SLE ON N - P E N T A N E HAVE BEEN M E N T I O N E D
BEFORE, BUT FOR OTHER O R G A N I C LIQUIDS T H E R E IS NO PUBLISHED
INFORMATION. BY SHARP CONTRAST WITH W A T E R , W H E R E A HIGH
CONCENTRATION OF H E A V Y H Y D R O C A R B O N S IN LNG IS N E E D E D TO CAUSE SLE,
EXPLOSIONS. ON SOME O R G A N I C C O M P O U N D S OCCUR E V E N IF LNG HAS ITS
U S U A L COMPOSITION, LESS T H A N 10 P E R C E N T H E A V Y C O M P O N E N T S AND MORE
T H A N 90 P E R C E N T M E T H A N E . THE N A T U R E OF THE C O M P O U N D S W H I C H CAUSE
THE LNG EXPLOSIONS GIVES USEFUL I N F O R M A T I O N ON THE SLE M E C H A N I S M .
- P E R T I N E N T FIGURES-
FIG. 1 BOILING HEAT TRANSFER M E C H A N I S M , PAGE 221
-BIBLIOGRAPHY-
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CHEM. ENG. PBOG., VOL 68, 68 {1972)//KATZ,D.L. AND
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- A B S T R A C T -
IT IS W E L L K N O B N T H A T W H E N A HOT LIQUID COMES INTO C O N T A C T W I T H A
COLD V A P O R I Z A B L E LIQUID A N E X P L O S I O N O F C O N S I D E R A B L E V I O L E N C E H A Y
OCCUR. THIS TYPE OF EXPLOSION IS C A L L E D A L T E R N A T I V E L Y A V A P O U R
EXPLOSION, A T H E R M A L I N T E R A C T I O N OR FUEL-COOLANT I N T E R A C T I O N
(FCI) , THE HOT LIQUID B E I N G THE F U E L AND THE COLD LIQUID THE
COOLANT. THESE INTERACTIONS ARE NOT THE RESULT OF CHEMICAL C H A N G E ,
THE E N E R G Y SOURCE IS THE E X C E S S H E A T IN THE FUEL. FUEL-COOLANT
INTERACTIONS H A V E BEEN O B S E H V E D B E T W E E N MOLTEN TIN, I N D I U M , STEEL,
A L U M I N I U M A N D COLD HATER, I N T H E N U C L E A R FIELD B E T W E E N M O L T E N
U R A N I U M DIOXIDE (.THE FUEL)- AND LIQUID S O D I U M (THE C O O L A N T ) , AND IN
T H E CHEMICAL' INDUSTRY ' B E T W E E N LIQUEFIED N A T U R A L ' GAS, L N G ( T H E
COOLANT) A N D W A T E R (THE F U E L ) . S E V E R A L A U T H O R S H A V E RECENTLY
DISCUSSED A MODEL FOR THE L N G - W A T E R INTERACTIONS BASED ON THE
THEORY OF H O M O G E N E O U S NUCLEATION. IT IS PROPOSED THAT THE W A T E R
HEATS THE LNG TO THE S U P E R H E A T E D , M E T A S T A B L E STATE. THE V I O L E N T
EXPLOSIONS OCCUR W H E N THE LNG REACHES THE H O M O G E N E O U S N U C L E A T I O N
T E M P E R A T U R E A N D S U D D E N V A P O R I Z A T I O N OCCURS. SUCH A SCHEME C A N N O T ,
H O W E V E R , COMPLETELY ACCOUNT FOR ALL FCIS. B E C A U S E OF THE
LIMITATIONS OF THE S U P E R H E A T I N G MODEL, AN A L T E R N A T I V E M E C H A N I S M IS
PROPOSED IN THIS PAPER, AND SOME E X P E R I M E N T A L E V I D E N C E IS
I N D I C A T E D WHICH SUPPORTS THE MODEL.
-BIBLIOGRAPHY-
BARGOLIS,S.V. AND K R I N S L E Y , D . H . , N A U T R E , VOL 245, 30
(1973)/ /KRINSLEY,D.f l . AND D O O R N K A M P , J . , ATLAS OF Q U A R T Z S A N D
G R A I N SURFACE TEXTURES, (CAMBRIDGE DNIV. PRESS, IN THE
PRESS)/ /BROWN,J .E. , THESIS, UNIV. M A N C H E S T E R (1973) / /
KRINSLBY,D.H. AND MARGOLIS,S . , TRANS. N . Y . ACAD. SCI., SER. II ,
VOL 31, U57 (1969)
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THE S P R E A D I N G AND E V A P O R A T I O N RATES OF LIQUEFIED N A T U R A L GAS
SPILLED ON W A T E R ARE E S T I M A T E D T H E O R E T I C A L L Y . ACCORDING TO THE
CALCULATIONS, S U B S E Q U E N T G R A V I T A T I O N A L SPREAD AND H E A T I N G OF THE
V A P O R EVOLVED FROM THE SPILL GENERATES A PANCAKE-SHAPED CLOUD IN
15 HINUTES OR LESS. THE AUTHOR MAKES AN A N A L O G Y BETWEEN THE
B U R N I N G OF THE DIRIGIBLE H I N D E N B U R G IN 1937 AND THE B U R N I N G OF A
FULL C A R G O OF AN LNG S U P E R T A N K E R , STATING THAT THAT WOULD BE THE
E Q U I V A L E N T OF 100 H I N D E N B U R G S .
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C O R P O R A T E S O U R C E -
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LNG P L A N T EXPLOSION
-ABSTRACT-
ON J A N U A R Y 27 , 1972, A N A T U R A L GAS E X P L O S I O N S E V E R E L Y D A M A G E D THE
C O N T R O L ROOM OF THE LNG LIQUEFACTION AND P E A K - S H A V I N G PLANT OF GAZ
M E T R O P O L I T A I N IN M O N T R E A L EAST, Q U E B E C . F I V E MEN IN THE C O N T R O L
BOOM S U F F E R E D SINOR I N J U R I E S . T H E D A M A G E H A S E S T I M A T E D A T
$107,000. THE S E Q U E N C E OF E V E N T S L E A D I N G UP TO THE E X P L O S I O N IS
DISCUSSED IH THIS BRIEF A R T I C L E , AS SELL AS R E M E D I A L M E A S U R E S
I N C O R P O R A T E D A F T E R W A R D S . THE P R O B L E M O C C U R R E D AS A R E S U L T OF
I N A D V E R T E N T L Y L E A V I N G S E V E R A L SHUTOFF V A L V E S O P E N A F T E R A D E R I V I N G
C Y C L E , PERMITTING N A T U R A L G A S T O I N F I L T R A T E P N E U M A T I C A L L Y O P E R A T E D
I N S T R U M E N T A T I O N L I N E S GOING I N T O T H E C O N T R O L ROOM.
-SOURCE I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
FIRE J. VOL 66, NO. 4, 38-9 (JDL 1972)
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P U R G I N G LN3 T A N K S WITH NITROGEN
-ABSTRACT-
A 45,000 BARREL LNG STORAGE T A N K AT EL IZ ABETHTOWN GAS C O M P A N Y HAS
P U R G E D OF AIR AND WATER VAPOB AND COOLED TO -260 DEGREES F IN 35
H O D R S TO B E A D Y IT FOR A LOAD OF L N G . N O R M A L P U R G I N G TIME FOR A
T A N K THIS SIZE IS ONE WEEK. NITROGEN CONSUMPTION U S I N G BANKED
C Y L I N D E B S IS U S U A L L Y 2 1/2 TIMES T A N K VOLUME, THE PROCESS USED
H E R E R E Q U I R E D APPROXIMATELY 1 T A N K V O L U M E FOR THE PURGE -
R E P R E S E N T I N G SIGNIFICANT COST AND TIME SAVING TO THE OWNER. BOTH
P U R G I N G AND COOLDOWN O P E R A T I O N S ARE DESCRIBED IN THIS SHORT
ARTICLE.
-SOU8CE I N F O R M A T I O N -
J O U R N A L PROCEEDINGS - .
GAS VOL 19, NO. 2, 18-9 (FEB 1973)
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FRICTION AND W E A R OF SELECTED M E T A L S AND OF C A R B O N S IN
L I Q U I D N A T U H t A L G A S
by
H I S A N D E B , D . W . ,
12/00/71
S E C U R I T Y CLASS • ACCESS L E V E L REPORT CLASS E N T R Y E V A L .
U/Unrestricted NTIS Incremental Good/Excel.
-ABSTRACT-
FRICTION A N D H E A R E X P E R I M E N T S H E R E C O N D U C T E D W I T H H E M I S P H E R I C A L L Y
TIPPED ( U . 7 6 - M M R A D I U S ) R I D E R SPECIMENS IN SLIDING CONTACT W I T H A
R O T A T I N G DISK S U B M E R G E D I N LIQUID N A T U R A L G A S ( L N G ) . T H E P R O G R A M
I N C L U D E D METAL C O M B I N A T I O N S A N D C A R B O N - M E T A L COMBINATIONS. T H E S E
E X P E R I M E N T S R E V E A L E D THAI T H E M E T A L C O M B I N A T I O N S W E R E N O T
LUBRICATED BY THE L N G . C A R B O N S HAD MUCH L O W E R S E A R IN LNG T H A N IN
LIQUID HYDROGEN OR IN LIQUID NITROGEN. ( W E A R OF CARBON IN LIQUID
H Y D R O G E N WAS 100 TIMES THAT IN L N G . ) THE FRICTION COEFFICIENTS
OBTAINED IN LNG (0.6 FOR M E T A L - M E T A L AND 0.2 FOR C A R B O N - M E T A L ) ARE
SIMILAR TO- THOSE.OBTAINED IN LIQUID H Y D R O G E N . ' ..
-PERTINENT FIGURES-
FIG.2 METAL COMBINATIONS SLIDING IN LIQUID N A T U R A L GAS, PAGE
6//FIG.4 CARBON SLIDING A G A I N S T STEEL IN LIQUID N A T U R A L GAS, PAGE
9
- B I B L I O G R A P H Y -
EISENBERG,J .D. AND C H A M B E L L A N , R . E . , T A N K A G E SYSTEMS FOR A M E T H A N E
FUELED SUPERSONIC T R A N S P O R T , PAPER 68-196, A I A A , (FEB 1968)
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-ABSTRACT-
DESIGN A P P R O A C H E S , - CHOICE OF M A T E R I A L S , AND H E L D I N G PROCEDURES FOR
A B O V E - G R O U N D BELDED L P G A N D L N G STORAGE T A N K S A R E REVIEWED, A N D
C O M P A R I S O N IS B A D E B E T W E E N THE R E Q U I R E M E N T S OF API 620 AND BS 14711
S T A N D A R D S . PARTICULAR EM PHAS IS IS GIVEN TO STORAGE VOLUME
L I M I T A T I O N FOR P R O P A N E T A N K S DESIGNED TO BS 4741.
-PERTINENT FIGURES-^
FIG.1 SKETCH OF DOUBLE-HALL LNG T A N K , PAGE 52
-SOURCE I N F O R M A T I O N -
J O U R N A L P R O C E E D I N G S -
K E T A L C C N S T R . BRIT. H E L D . J. VOL 6, NO. 2, 52-5 (FEB 1974)
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-ABSTRACT-
THIS P A P E R DISCUSSES I N V E R Y B R O A D T E R M S S O M E O F T H E T E C H N I C A L A N D
O P E R A T I O N A L ASPECTS O F L N G SHIPS, I N W H I C H T H E R E H A S R E C E N T L Y B E E N
A G R E A T A M O U N T OF INTEREST. A SHORT H I S T O R Y OF THIS TYPE OF VESSEL
IS GIVEN, AS ARE CONCISE D E S C R I P T I O N S OF ALL THE P R O P R I E T A R Y
DESIGNS WHICH H A V E BEEN C O N S T R U C T E D O H A R E P R E S E N T L Y B E I N G
OFFERED. THE O P E R A T I O N S W H I C H F O R M THE BASIS FOR LNG SHIP
OPERATION A R E DISCUSSED, A N D S O M E O F T H E F E A T U R E S O F C A R G O
H A N D L I N G .EQUIPMENT A N D I N S T R U M E N T A T I O N . . WITH P A R T I C U L A R E M P H A S I S
ON C A R G O M E A S U R E M E N T , ARE O U T L I N E D BRIEFLY. A SECTION IS I N C L U D E D
W H I C H C O M P A R E S THE R E Q U I R E M E N T S OF THE C L A S S I F I C A T I O N SOCIETIES
AHD R E G U L A T O R Y BODIES W H I C H H A V E D E V E L O P E D R U L E S FOR THE
CONSTRUCTION OF LNG SHIPS. THE SELECTION OF C O N T A I N M E N T SYSTEMS IS
DISCUSSED IN A SECTION W H E R E I N THE A D V A N T A G E S AND D I S A D V A N T A G E S OF
T H E V A R I O U S TYPES O F T A N K A N D I N S U L A T I O N SYSTEMS A R E C O M M E N T E D
UPON. OTHER SECTIONS ARE DEVOTED TO THE O P E R A T I N G E X P E R I E N C E OF
SHIPS BUILT TO D A T E , P O W E R P L A N T SELECTION, ECONOMICS AND
P R I N C I P A L SHIP C H A R A C T E R I S T I C S , A N D S O M E O F T H E P O L L U T I O N A N D
SAFETY P R O B L E M S T H A T H A V E B E E N E N C O U N T E R E D . T H E P A P E R I S N O T
I N T E N D E D TO BE A DESIGN M A N U A L FOR THE LNG SHIP, NOR DOES IT D E L V E
E X H A U S T I V E L Y INTO T H E M A N Y T E C H N I C A L A N D C O M M E R C I A L DETAILS T H A T
A B O U N D IN THIS T Y P E OF SHIP. A SELECTED B I B L I O G R A P H Y IS I N C L U D E D
TO ALLOW THE R E A D E R TO SECURE A FULLER B A C K G R O U N D IN THE
T E C H N O L O G Y I N V O L V E D IN THIS SOPHISTICATED, SPECIALIZED SHIP.
- P E R F I N E N T FIGURES-
TAB. 3 PARTICULARS OF LNG SHIPS IN SERVICE AND ON O R D E R , P A G E
A41-4//FIG.12 INSULATION DETAIL OF CONCH OCEAN M E M B R A N E T A N K
DESIGN, PAGE A12//FIG.14 ESSO BREGA - INSULATION DETAIL, P A G E
A13//FIG.16 INSOLATION D E T A I L OF GAS T R A N S P O R T M E M B R A N E T A N K
DESIGN, PAGE A13//FIG.17 TYPICAL SECTION OF K V A E R N E f i - M O S S
SPHERICAL T A N K DESIGN, PAGE A1U//FIG.26 PROFILES OF TYPICAL LNG
SHIPS (CARGO T A N K S ARE S H O W N CROSS-HATCHED), P A G E A39
-BIBLIOGRAPHY-
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DEVELOPMENT OF LIQUEFIED N A T U R A L GAS T A N K E R S , SECOND I N T E R N A T I O N A L
C O N F E R E N C E AND EXHIBITION ON LNG, PARIS (1970)//FILST EAD,C. G. AND
B A N I S T E R , M . , LOH-TEMPEBATUBE, LIQUEFIED GAS TRANSPORTATION, TRANS.
S H A M E , VOL 69, 338-65 (1961)//TENTATIVE GUIDE FOB THE REVIEH OF
LIQUEFIED F L A M M A B L E GAS CARRIERS, U.S. COAST G U A R D (APE
1971)/ /ATKINSON,F.H. , A CLASSIFICATION SOCIETIES APPROACH TO
VESSELS DESIGNED FOB THE C A R R I A G E OF LIQUEFIED GASES, SECOND
I N T E R N A T I O N A L CONFERENCE AND EXHIBITION ON LNG, PARIS
(1970)//LIQUID N A T U R A L GAS - CHARACTERISTICS AND B U R N I N G BEHAVIOR,
C O N C H M E T H A N E SERVICES, LTD. (1962) / /BURGESS,D.S. , ET AL. , H A Z A R D S
OF LNG SPILLAGE IN M A R I N E T R A N S P O R T A T I O N , U.S. DEPT. OF THE
INTERIOR, B U R E A U OF WINES ( F E B 1970)
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-ABSTRACT-
IN THIS ARTICLE DISCUSSING SAFETY ASPECTS AND RISK PROBABILITY IN
THE SEA TRANSPORTATION OF LNG, THE AUTHOR CONCLUDES. 1) THE SEA
THANSPOHATION OF LNG INVOLVES, IN ITSELF, LESS RISK THAN THAT OF
CARRYING OIL IN CONVENTIONAL TANKERS, 2) COMPABED WITH LPG
TANKERS, METHANE CARRIERS ARE NOT SIGNIFICANTLY DIFFERENT FROM THE
HISK ASPECT, 3) THE DESIGN IS SUCH THAT DAMAGE RESULTING FROM THE
TYPE OF COLLISION HOST FREQUENT IS UNLIKELY TO CAUSE RUPTURE OF
THE CARGO CONTAINMENT SYSTEM. IF THE CONTAINMENT SYSTEM IS
RUPTURED, FROM PRESENT STAFE OF KNOWLEDGE IT. IS BELIEVED THAT THE
FREE EXPLOSION RISK IS LESS .THAN WITH A TANKER CARRYING LIQUID
HYDROCARBONS DUE TO THE' VAPORIZATION ' . AND SPREADING
CHARACTERISTICS, 4) THERE ARE NO GROUNDS FOR BELIEVING THE
STATEHENT THAT EXPLOSION WOULD AUTOMATICALLY FOLLOW COLLISION
INVOLVING A METHANE TANKER.
-SOURCE INFORMATIOM-
JOUHNAI PROCEEDINGS -
TANKER BULK CARRIER VOL 18, NO. 10, 14 * 16 (FEB 1972)
OTHER INFORMATION -
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-ABSTRACT-
THE SPECIAL P R O B L E M S C O N N E C T E D WITH BUILDING SHIPS TO C A R R Y
L I Q U E F I E D N A T U R A L G A S A R E S U M M A R I Z E D A N D T H E D I F F E R E N T DESIGNS O F
SHIPS P R E S E N T L Y IN USE ABE DISCUSSED. OTHER P R O B L E M S C O N C E R N E D
HITH M A R I N E T R A N S P O R T OF LNG SUCH AS H A N D L I N G , PUMPING SYSTEMS,
AND DEALING WITH BOIL-OFF GASES ARE ALSO CONSIDERED.
- P E R T I N E N T FIGURES-
FIG. 1 BRIDGESTONE S E M I - I N D E P E N D E N T T A N K SYSTEH//FIG. 2 T E C H N I G A Z
CONCH O C E A N M E M B R A N E TANK SYSTEH//FIG .3 TYPICAL SECTION O.F GAZ
T R A N S P O R T K E M B H A N E T A N K DBS IGN//FIG. 4 MOSS R O S E N B E R G " S Y S T E M AND
S K I R T A T T A C H M E N T T O S P H E R I C A L T A N K
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
L L O Y D S REGISTER O F S H I P P I N G , L O N D O N , E N G L A N D
J O U E H A L P R O C E E D I N G S -
C R Y O G E N I C S VOL 1U, NO. 3, 115-20 ( M A R 1974)
OTHER I N F O R M A T I O N -
0006 P A G E S , O O O U .FIGURES, 0000 TABLES, 0000 R E F E R E N C E S
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- A B S T R A C T -
T H E T U R B O - C O M P R E S S O R SYSTEM A T S K I K D A , A L G E R I A , R A T E D A T 73.5 M W ,
CONSISTS O F A S INGLE T U R B I N E D R I V I N G H I G H - P R E S S U R E A N D
L O W - P R E S S U R E C O M P R E S S O R S , W I T H 77 P E R C E N T OF ITS P O W E R SUPPLIED TO
THE HIGH-PRESSURE COMPRESSOR AND 23 P E R C E N T TO THE L O W - P R E S S U R E
C O M P R E S S O R . THE T U R B I N E IS C O N T R O L L E D BY C H A N G I N G ITS SPEED IN
RESPONSE TO THE R E Q U I R E M E N T S OF THE L O H - P R E S S U R E COMPRESSOR. PRIOR
TO INSTALLATION, THE T U R B O ^ C O M P R E S S O R U N I T HAS TESTED WITH A I R ,
N A T U R A L GAS, AND R E F R I G E R A N T GAS TO CHECK THE .EFFECTS OF MOLECULAR
HEIGHTS - AND OTHER P A R A M E T E R S ON THE O P E R A T I N G C H A R A C T E R I S T I C S .
O P E R A T I N G P R O B L E M S E X P E R I E N C E D I N C L U D E D . R U P T U R E O F T H E INJECTION
NOZZLE, CAUSING B R E A K I N G OF THE FIRST-STAGE BLADING, D E F O R M A T I O N
OF THE T U R B I N E CASING, L E A K S AT THE H O R I Z O N T A L JOINTS, V A L V E
BLOCKAGE IN THE I N T E R M E D I A T E R E C Y C L I N G STAGE, A U T O M A T I C START-UP
CONTROL, B L A D E D A M A G E S , R U P T U R E OF THE V A L V E S Y S T E M IN THE COLD
RECYCLE STAGE, AND V I B R A T I O N S AND OIL L E A K S . MOST OF THE
DIFFICULTIES W E R E SOLVED B Y R E D U C I N G T H E O P E R A T I N G SPEED F R O M
3240-3940 R P M T O 3300-3450 R P M , M O D I F Y I N G T H E E Q U I P M E N T D E S I G N ,
A N D C H A N G I N G M A T E R I A L S O F C O N S T R U C T I O N A N D O P E R A T I N G CONDITIONS.
H O W E V E R , T H E B R I E F O P E R A T I N G E X P E R I E N C E A C C U M U L A T E D T O D A T E A N D
THE INCOMPLETE TESTING OF THESE MODIFICATIONS P R E V E N T F INAL
R E C O M M E N D A T I O N S C O N C E R N I N G THE FEASIBILITY OF THE APPLICATION OF
TURBO-COMPRESSORS IN THE L I Q U E F A C T I O N OF N A T U R A L GAS U S I N G A
H I X E D - R E F R I G E R A N T PROCESS.
-SOURCE INFORMATION-
CORPORATE SOURCE -
SONATRACH, S K I K D A , ALGERIA
J O U R N A L PROCEEDINGS -
LIQUEFIED N A T U R A L GAS I N T E R N A T I O N A L CONF. , 4TH, (PROC. OF,
SESSION III) ALGIERS, A L G E R I A , JUN 24-7, 1974. PAPER 8
PUBLISHER -
INSTITUTE OF GAS T E C H N O L O G Y , C H I C A G O , ILL.
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-ABSTRACT-
AIR P R O D U C T S HAD E X P E R I E N C E D A C U M M U L A T I V E TOTAL OF FIFTEEN Y E A R S
O P E R A T I N G E X P E R I E N C E W I T H L N G P E A K S H A V I N G FACILITIES A T T H E T I K E
THIS P A P E R WAS W R I T T E N . THE T H R E E FACILITIES O W N E D AND/OR O P E R A T E D
BY AIR PRODUCTS R E P R E S E N T E D 15 PERCENT OF THE TOTAL LNG
L I Q U E F A C T I O N CAPACITY O P E R A T I O N A L IN THE UNITED STATES IN 197U. A
C E N T R A L I Z E D , SYSTEMATIC A P P R O A C H TO OPERATIONS M A N A G E M E N T IS
CREDITED WITH THE R E L I A B L E AND S A F E P E R F O R M A N C E OF THESE
FACILITIES . A C O M P U T E R C O - O R D I N A T E D CONTROL P R O G R A M IS U S E D TO
P R O V I D E P R E V E N T I V E M A I N T . E N A N C E -TASK . IDENTIFICATION, C O M P L I A N C E
R E P O R T I N G AND FEEDBACK DATA A C C U M U L A T I O N . THE USE OF THIS P R O G R A M
ON A MULTI-PLANT SYSTEM. PROVIDES- FOR EFFECTIVE COMMUNICATION WITH
R E G A R D T O P R O C E D U R E S A N D OTHER I M P O R T A N T FACTORS W H I C H H A V E A
D I R E C T A N D I M M E D I A T E I M P A C T O N . P L A N T P E R F O R M A N C E . S A F E T Y
I N S P E C T I O N S A N D TEST ACTIVITIES A R E I N C L U D E D I N T H E C O M P U T E R I Z E D
C O N T R O L P R O G R A M . T H E TASK I D E N T I F I C A T I O N , C O M P L I A N C E R E P O R T I N G ,
U N I F O R M I T Y O F A P P L I C A T I O N A N D D A T A A C C U M U L A T I O N ASPECTS O F T H E
C E N T R A L I Z E D C O N T R O L P R O G R A M A R E A L L B R O U G H T T O B E A R O N S A F E T Y
ASPECTS O F P L A N T ' O P E R A T I O N , THUS I N C R E A S I N G T H E E F F E C T I V E N E S S O F
LOSS P R E V E N T I O N ACTIVITIES. T H E O P E R A T I N G P H I L O S O P H Y A N D
T E C H N I Q U E S DISCUSSED A R E A P P L I E D B Y A I R PRODUCTS N O T O N L Y I N L N G
P E A K S H A V I N G BUT IN S U P P O R T OF ALL OF ITS O P E R A T I N G FACILITIES ON A
W O R L D - W I D E BASIS.
- S O U R C E I H F O R M A T I O N -
C O R P O R A T E S O U R C E -
A I R P R O D U C T S A N D C H E M I C A L S , I N C . , A L L E N T O W N , P A .
J O U R N A L P R O C E E D I N G S -
L I Q U E F I E D N A T U R A L G A S I N T E R N A T I O N A L C O N F . , 4 T H , (PROC. O F ,
SESSION IV) ALGIERS, A L G E R I A , JUN 2U-7, 1974. P A P E R 5
P U B L I S H E R -
I N S T I T U T E OF GAS T E C H N O L O G Y , CHICAGO, ILL.
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-ABSTRACT-
THE INTENTION OF THIS EOOK IS TO PRESENT IN ONE PUBLICATION ALL
AVAILABLE PRACTICAL INFORMATION ON LPG. THE GROWTH OF LPG AS A
FUEL AND A CHEMICAL FEEDSTOCK HAS EMPHASIZED THE NEED FOR A SINGLE
SPECIALIST PUBLICATION DEALING WITH THE PRODUCT. CHAPTERS INDEXED
FOR ASRDI ARE CHAPTER 2, MANUFACTURE OF LPG//CHAPTER 3,
COMPOSITION AND CHEMICAL PROPERTIES// CHAPTER 4, PHYSICAL
PROPERTIES// CHAPTER 5, QUALITY CONTROL AND ANALYTICAL
HETHANE//CHAPTE8 6, COMBUSTION OF LPG//CHAPTER . 7, BURNERS AND
ANCILLARY EQUIPMENT/CHAPTER 8, BULK DISTRIBUTION AND
HANDLINGS/CHAPTER 9, LPG CYLINDERS AND ASSOCIATED
EQUIPMENT//CHAPTER 11, LPG AS AN AUTOMOTIVE FUEL.
-SOURCE INFORMATION-
CORPORATE SOURCE -
ESSO DEVELOPMENT CO., LTD., ABINGDON, ENGLAND
PUBLISHER -
ELLIS HORWOOD LTD., CHICHESTER, ENGLAND
OTHER INFORMATION -
OU16 PAGES, 0000 FIGURES, 0000 TABLES, 0000 REFERENCES
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-ABSTRACT-
AN I N S U L T A E D T A N K FOR STORAGE OF LIQUIDS AT LOW T E M P E R A T U R E S . THE
T A N K HAS AN OUTER S H E L L COMPRISING. A BOTTOM, S I D E W A L L S AND HOOF,
AND AH I N N E R SHELL C O M P R I S I N G AT LEAST A BOTTOM AND S I D E W A L L S ,
WITH OR WITHOUT AN I N N E R ROOF. THE I N N E R SHELL BOTTOM IS M A D E OF
M E T A L SHEET OE PLATE SUSPENDED FROM A P L U R A L I T Y OF S P A C E D - A P A R T
SUPPORTS RESTING ON THE BOTTOM OF THE OUTER SHELL. THE S U S P E N D E D
I N N E R SHELL BOTTOM HAS A PLURALITY OF ELONGATED CORRUGATIONS OF
S M O O T H L Y U N D U L A T I N G C O N T O U R WITH THE VALLEYS OF THE C O R R U G A T I O N S
B E I N G . . B E T W E E N THE SUPPORTS, AND ' A P L U R A L I T Y .OF C O R R U G A T I O N S
C R O S S I N G A N D - G E N E R A L L Y C O N F O R M I N G TO THE SMOOTHLY U N D U L A T I N G
CONTOUR OF S A I D E L O N G A T E D C O R R U G A T I O N S . THE C O R R U G A T I O N S
A C C O M M O D A T E T H E LIQUID L O A D A N D C O N T R A C T I O N O F T H E S U S P E N D E D I N N E R
S H E L L BOTTOM D U R I N G LOW T E M P E R A T U R E USE OP THE T A N K WITHOUT
S U B S T A N T I A L H O R I Z O N T A L M O V E M E N T OF SAID S U S P E N D E D BOTTOM OR ITS
SUPPORTS AND W I T H O U T OVERS'! R E S S I N G THE M E T A L SHEET OR PLATE OF
W H I C H T H E I N N E R SHELL BOTTOM I S M A D E . T H E T A N K ALSO H A S I N S U L A T I N G
M A T E R I A L B E N E A T H S A I D S U S P E N D E D I N N E R SHELL M E T A L B O T T O M , B E T W E E N
T H E I N N E R A N D OUTER S I D E H A L L S O F T H E T A N K A N D B E N E A T H T H E ROOF.
- P E R T I N E N T F I G U R E S -
FIG., 1 V E R T I C A L P A R T I A L S E C T I O N A L V I E W OF A S T O R A G E T A N K FOR
L I Q U E F I E D GASES OR OTHER LIQUIDS TO BE STORED AT LOW
T E N F E R A T U R E S / / F I G . 4 H O R I Z O N T A L S E C T I O N A L V I E W O F . A C Y L I N D R I C A L
T f c S K I N W H I C H T H E I N N E R B O T T O M H A S R A D I A L C O R R U G A T I O N S A N D A
P L U R A L I T Y OF C I R C U L A R S E O O T H L Y U N D U L A T I N G CORRUGATIONS SPACED
O U T W A R D L Y ABOUT T H E AXIS O F T H E TANK/ /FIG.7 E L E V A T I O N A L E N D V I E W
OF A W O O D E N SUPPORT K H I C H CAN BE USED FOR S U P P O R T I N G THE I N N E R
S H E L L BOTTOR
- B I B L I O G R A P H Y -
D E L H A R , U S P A T E N T NO. 2 ,702 ,458 (FEB 19 55) / /BECKMAN, U S P A T E N T
NO. 3 ,094,071 ( JON 1963) / /EDWARDS, 0 S P A T E N T NO. 3,220,595 ( N O V
1965)// C A N A D A , P A T E N T NO. 668,208 ( A U G 196 3) / / F R A N C E , P A T E N T NO.
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-ABSTRACT-
I N G (LIQUEFIED N A T U R A L G A S ) I S SHIPPED A T E S S E N T I A L L Y A T M O S P H E R I C
P R E S S U R E I N I N S U L A T E D T A N K E R S A N D B A R G E S . SHOULD A N ACCIDENTAL
SPILL OCCUR ON W A T E R , R A P I D VAPORIZATION RESULTS. TO ESTIMATE
D O W N W I N D VAPOR C O N C E N T R A T I O N S , ONE MUST BE ABLE TO D E T E R M I N E THE
SOURCE RATE OF V A P O R E V O L U T I O N AT THE SPILL SITE. A SPILLED
C R Y O G E N I C LIQUID S I M U L T A N E O U S L Y SPREADS A N D BOILS. T H E P R E S E N T
S T U D Y DEALS ONLY WITH THE L A T T E R P H E N O M E N O N . THE C R Y O G E N S STUDIED
W E R E .LIQUID N I T R O G E N , . M E T H A N E , E T H A N E , A N D S E V E R A L T Y P I C A L . L N G
COMPOSITIONS. THE C R Y O G E N I C . LIQUID COMPOSITIONS,. I N I T I A L W A T E R
T E M P E R A T U R E A N D Q U A N T I T Y SPI.LLED P E R UNIT A R E A W E R E T H E P R I M A R Y
V A R I A B L E S STUDIED. BOILING RATES W E R E . M E A S U R E D BY E M P L O Y I N G A
L O A D CELL TO MONITOR THE R E S I D U A L MASS OF LIQUID C R Y O G E N .
T E M P E R A T U R E S W E R E ALSO M E A S U R E D C O N T I N U O U S L Y I N BOTH T H E V A P O R A N D
T H E H A T E R . INITIAL BOILING F L U X E S F O R L I Q U I D N I T R O G E N R A N G E D FROM
A B O U T 8,000 T O 11,000 B T U / H R - F T ( 2 ) A N D D E C R E A S E D S L O W L Y WITH T I M E .
F O E P U R E M E T H A N E ( 9 9 . 9 8 ) , T H E I N I T I A L F L U X E S W E R E I N A S I M I L A R
H A N G E , B U T T H E Y I N C R E A S E D S L I G H T L Y W I T H T I M E . W H E N E V E N T R A C E
A M O U N T S ( E . G . , 0 . 1 - 0 . 2 P E R C E N T ) O F H E A V I E R A L K A N E H Y D R O C A R B O N S
H E R E P R E S E N T I N M E T H A N E , S I G N I F I C A N T I N C R E A S E S I N T H E B O I L I N G F L U X
W E R E N O T E D . W I T H A L E A N LNG (98.2 P E R C E N T CH (H) ) THE BOILING FLUX
W A S A L M O S T T W O TIMES T H A T N O T E D F O R P U R E M E T H A N E , A N D T H E R A T E O F
IN-CR'EASE O F T H E FLUX W A S Q U I T E P R O N O U N C E D W I T H TIME. V E R Y H I G H
B O I L I N G F L U X E S WERE ALSO N O T E D FOR L I Q U I D E T H A N E SPILLS. A N U M B E R
O F P H O T O G R A P H S W E R E T A K E N O F T H E W A T E B - C R Y O G E N I N T E R F A C E S D U R I N G
B O I L I N G . T H E P H O T O G R A P H S A L L O W E D M E A S U R E M E N T O F T H E A V E R A G E V A P O R
B U B B L E SIZE A N D T O E V A L U A T E T H E E X T E N T A N D R A T E O F I C E F O R M A T I O N
AT THE S U R F A C E . NO S A T I S F A C T O R Y T H E O R Y HAS YET BEEN F O R M U L A T E D TO
E X P L A I N A L L T H E RESULTS O B S E R V E D . L I Q U E F I E D N I T R O G E N A N D M E T H A N E
A P P A R E N T L Y E V A P O R A T E I N S T A B L E FILM BOILING W I T H N O S I G N I F I C A N T
ICE F O R M A T I O N AT THE I N T E R F A C E . IN P U R E ETHANE R U N S , ICE F O R M E D
Q U I C K L Y A N D BOTH FILM A N D NUCLEATE BOILING RESULTED. F O R L N G
M I X T U R E S , S I G N I F I C A N T F O A M I N G R E S U L T E D AND IT IS ALSO SUSPECTED
T H A T ICE IS R A P I D L Y F O R M E D AND H E M E L T B D BY EDDY C I R C U L A T I O N IN THE
U P P E R L A Y E R OF W A T E R .
- P E R T I N E N T FIGURES-
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FIG.6 HEAT FLUXES B E T W E E N W A T E R A N D BOILING M E T H A N E (99.98
P E R C E N T ) , P A G E 17//FIG.7 H E A T FLUXES B E T W E E N W A T E R A N D BOILING
M E T H A N E - E T H A N E B I N A R Y M I X T U R E S , PAGE 18//FIG.8 B E A T F L U X E S B E T W E E N
W A T E R A N D BOILING M E T H A N E - P R O P A N E B I N A R Y M I X T U R E S , P A G E 19//FIG.9
HEAT FLUXES B E T W E E N W A T E R A N D B O I L I N G M E T H A N E - N - B U T A N E B I N A R Y
M I X T U R E S , P A G E 20//FIG. 10 H E A T F L U X E S B E T W E E N W A T E R AND BOILING
L N G , P A G E 21
- B I B L I O G R A P H Y -
B O Y L E , G . J . AND K N E E B O N E , A . , L A B O R A T O R Y I N V E S T I G A T I O N S INTO THE
CHARACTERISTICS OF LNG SPILLS ON W A T E R . E V A P O R A T I O N , S P R E A D I N G ,
A N D VAPOR DISPERSION, SHELL R E S E A R C H LIMITED, T H O R N T O N R E S E A R C H
C E N T E R , CHESTER, E N G L A N D , MAR 1973//BURGESS, D. S . , M U R P H Y , J . N . AND
Z A B E T A K I S , M . G . , H A Z A R D S O F L N G SPILLAGE I N M A R I N E T R A N S P O R T A T I O N ,
U.S. B U R E A U OF MINES, FEB 1970// B U R G E S S , D . S . , B IORDI , J . AND
B U R P H Y , J . , H A Z A R D S O F S P I L L A G E O F L N G I N T O W A T E R , U . S . B U R E A U O F
M I N E S , SEP 1972/ / JEJE,A.A. , T B A N S I E N T POOL BOILING OF C R Y O G E N I C
LIQUIDS ON H A T E R , PH .D . THESIS, C H E M . ENG. DEPT. , H.I. T.
( 1 9 7 4 ) / / M A Y , H . G . , M C Q U E E N , W . A N D W H I P P , R . H . , D I S P E R S I O N O F L N G
SPILLS, H Y D R O . P R O C . VOL 105, MAY 1 9 7 3 ) / / N A K A N I S H I , E . AND
R E I D , R . C . , LIQUID N A T U R A L G A S - W A T E R R E A C T I O N S , C H E M . ENG. PBOG.
VOL 67, 36-41 (1971)
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J O U R N A L PROCEEDINGS -
N A T U R A L GAS R E S E A R C H AND TECHNOLOGY CONF. , 3RD, (PROC. OF,
SESSION VI) DALLAS, T E X , , MAR 6-8, 1974. PAPER NO. 1
PUBLISHER -
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-ABSTRACT-
IF A V A P O R CLODD F R O M AN LNG SPILL IS IGNITED, THE FIRE HILL B U R N
BACK TO THE LIQUID POOL, CONSUMING THE VAPOR CLOUD AS IT B U R N S .
THE FIRE IN THE VAPOR CLOUD H I L L BE R E L A T I V E L Y SHORT IN DURATION,
BUT HILL PRODUCE SUFFICIENT HEAT FOR LONG E N O U G H TIMES TO IGNITE
THIN M A T E R I A L S AND B U R N P E R S O N N E L . IF IGNITION OCCURS SOON AFTER
THE SPILL, THE CLOUD MAY NOT DRIFT B E Y O N D THE I M M E D I A T E PLANT
A R E A . IN EITHER CASE, IF A S U B S T A N T I A L A M O U N T OF LNG IS SPILLED
A N D FIRE OCCURS, T H E FIRE C A N EASILY D A M A G E E Q U I P M E N T A N D
FACILITIES IN OR N E A R THE PLANT A R E A . THERE ARE TWO G E N E R A L
A P P R O A C H E S THAT CAN BE U S E D TO PROTECT S U R R O U N D I N G FACILITIES FROM
D f t f S A G E OR DESTRUCTION. SUFFICIENT COOLING CAN BE P R O V I D E D TO
P R E V E N T D A M A G E OR THE FIRE CAN BE C O N T R O L L E D OR E X T I N G U I S H E D . IF
PROTECTION TO S U R R O U N D I N G FACILITIES IS TO BE BY COOLING, THE H E A T
LOAD ?.T THOSE A R E A S MUST BE K N O W N . IF C O N T R O L OR E X T I N G U I S H M E N T IS
C H O S E N , P R O P E R FIRE PROTECTION SYSTEMS MUST BE D E S I G N E D . A BRIEF,
S I M P L I F I E D DISCUSSION SHOWS H O W EITHER K A Y B E H A N D L E D .
- P E R T I N E N T FIGURES-
FIG, 2 -HJ3&SUBED AND P R E D I C T E D F L A M E . A N G L E S FOR LNG FIRES, P A G E
8//FIG.3 S U R F A C E FLUXES FOR LSG FIRES, P A G E 9//FIG.5 R A D I A N T
F I . D X E S F E O H A 100-FT. L N G . FIRE U H D E B C A L M C O N D I T I O N S , P A G E
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U N I V E R S I T Y OF O K L A H O M A R E S E A R C H INSTITUTE REPORT NO. OU RI-1578-FR,
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PROCESSING VOL 52, 165 (OCT 1973)// W E S S O N , H . R . , W E L K E R , J . R . ,
B R O W N , L . E . A N D S L I E P C E V I C H , C . H . , F IGHT L N G FIRES W I T H D R Y
C H E M I C A L S , H Y D R O C A R B O N PROCESSING VOL 52, 234 ( N O V 1973)
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C O N T A I N M E N T DESIGN FOR LNG SPILLS IS TREATED IN THIS PAPER. BASIC,
BUT NOT E S S E N T I A L TC THE T R E A T M E N T , IS R E C O G N I T I O N THAT A FINITE
T I M E PERIOD IS R E Q U I R E D FOR
SPILLED. THIS AND THE FACT T H A T
TIME LEAD TO A R A T I O N A L DESIGN
O U T L I N E D . DESIGN V A R I A T I O N S A R E
EXISTING COMPUTER P R O G R A M FOR
T H E P A P E R .
A L A R G E A M O U N T OF LIQUID TO BE
VAPOR G E N E R A T I O N RATES DECAY W I T H
P R O C E D U R E . A G E N E R A L METHOD IS
SUGGESTED. A FLOW CHART OF AN
I N S T A N T A N E O U S SPILL IS INCLUDED IN
- P E R T I N E N T FIGURES-
FIG. 1 C O M P U T E R P R O G R A M FLOW
S U B R O U T I N E , PAGE 5
C H A R T - LNG V A P O R DISPERSION
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-ABSTHACT-
ROLL-OVER IN LNG T A N K S HAS B E E N A S C R I B E D TO THE RAPID M I X I N G OF
STRATIFIED L A Y E R S W H I C H HAD R E S U L T E D F R O M THE A D D I T I O N OF LNG OF A
C E R T A I N D E N S I T Y T O A T A N K W H I C H W A S A L R E A D Y P A R T I A L L Y FILLED WITH
A LNG OF A D I F F E R E N T D E N S I T Y . C A R E F U L FILL N O Z Z L E DESIGN CAN DO
MUCH TO ACHIEVE M I X I N G DUBING THE FILLING PROCESS, BUT A R E S I D U A L
C O N C E N T R A T I O N ( A N D THUS D E N S I T Y ) G R A D I E N T A L W A Y S R E M A I N S . T U R N E R
(1968) HAS DESCRIBED THE F O R M A T I O N OF L A Y E R S FROM SUCH A G R A D I E N T
AS A RESULT OF- BOTTOM H E A T F L U X , OTHERS H A V E STUDIED L A Y E R
F O R M A T I O N AS A RESULT-. OF HEAT- T R A N S F E R FROM AN I S O T H E R M A L VERTICAL
H A L L . THIS PAPER TREATS THE SUBJECT OF L A Y E R F O R M A T I O N DUE TO A
U N I F O R M L A T E R A L HEAT FLUX, SUCH AS EXISTS AT AN LNG T A N K WALL.
EXPERIMENTALLY, A W A T E R - S U G A R SYSTEM HAS BEEN USED TO MODEL THE
M E T H A N E - H I G H E R H Y D R O C A R B O N SYSTEM OF INTEREST, AS JUSTIFIED BY
DIMENSIONAL A N A L Y S I S . A C O N C E N T R A T I O N G R A D I E N T IS E S T A B L I S H E D IN A
30 CM CUBE FOR WHICH ONE SIDE BALL IS OF A L U M I N U M W H E R E A S ALL
O T H E R S ARE OF P L E X I G L A S , AHD THE E X P E R I M E N T IS INITIATED BY
EXPOSING T H E A L U M I N U M W A L L T O R A D I A N T H E A T . THIS R E S U L T S I N
H O R I Z O N T A L CONVECTION CELLS W H I C H ARE O B S E R V E D BY DYE T R A C E R
TECHNIQUES A N D B Y S H A D O W G R A P H . P R E L I M I N A R Y RESULTS I N D I C A T E T H A T
CONVECTIVE L A Y E R S WILL BE R E L A T I V E L Y T H I N FOR CASES W H I C H ARE
G E R M A N E TO LNG STORAGE. FOR C O M P U T A T I O N A L PURPOSES, L A Y E R S
R E S U L T I N G FROM SUCH LATERAL H E A T I N G MAY E V E N BE A S S U M E D TO BE
I N F I N I T E L Y THIN.
-aZBLJOGHAPHY-
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(1972) / /DRAKE,E.H. , GEIST,J.M. AND SMITH,K.A . , PREVENT LHG
ROLL-OVER, HYDROCARBON PROCESSING, VOL 52, 87-90 ( M A R C H
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- A B S T R A C T -
THE A M E R I C A N GAS ASSOCIATION C O N T R A C T E D W I T H TRW SYSTEMS TO S T U D Y
THE E N V I R O N M E N T ASSOCIATED W I T H A M A S S I V E F A I L U R E OF A LIQUID
N A T U R A L G A S ( L N G ) STORAGE F A C I L I T Y . T W O E N V I R O N M E N T A L P H E N O M E N A
iERE STUDIED. R A D I A T I O N FROM A L A R G E F I R E A N D O V E R P R E S S U R E F R O M A N
EXPLOSION. THE M O R E PROBABLE OF THE TWO E N V I R O N M E N T S , FIRE, IS
DISCUSSED HERE. R A D I A T I O N IS EXPECTED TO BE THE DO.MINANT E N E R G Y
R E L E A S E M E C H A N I S M OF A FIRE. A N U M B E R OF CONSIDERATIONS ARE
I M P O R T A N T .FOR L A R G E FIRES ( D I M E N S I O N S OF H U N D R E D S OF FEET) WHICH
ARE INCONSEQUENTIAL FOR S H A L L FIRES. THESE I N C L U D E ABSORPTION OF.
RADIATION WITHIN THE FLAME, R A D I A T I O N • • C O N T R O L OF THE LNG BOILOFF
RATE, CIRCULATION. OF THE S U R R O U N D I N G A T M O S P H E R E , AND THE EFFECT ON
THE CHEMICAL KINETICS OF THE L A R G E R RESIDENCE TIME IN THE L A R G E
FIRE. THESE EFFECTS CAN M A K E A LARGE FIRE Q U A L I T A T I V E L Y DIFFERENT
F R O M A SMALL FIRE. T H E R E F O R E , IT IS IMPROPER TO SIMPLY SCALE SMALL
FIRES. INSTEAD, A THEORETICAL MODEL IS DISCUSSED WHICH INCLUDES
EFFECTS WHICH ARE NOT IMPORTANT FOR SMALL FIRES. THE MODEL IS
D I V I D E D INTO TWO CO U PL ED P A R T S - A FLUID MODEL WHICH DESCRIBES THE
T H E R M O D Y N A M I C AND FLCW PROPERTIES IN THE F L A M E .AS A FUNCTION OF
POSITION, AND A R A D I A T I O N M O D E L . A S U P P L E M E N T A R Y R A D I A T I O N MODEL
C A L C U L A T E S R A D I A T I O N , I N H E R E N T L Y T H R E E - D I M E N S I O N A L , T O E X T E R N A L
REGIONS. THE FLUID MODEL I N C O R P O R A T E S A T H E R M O C H E M I C A L MODEL FOR
DESCRIBING THE CHEMICAL CONSTITUENTS AND THEIR T H E R M O D Y N A M I C
STATES. THESE M O D E L S ARE DESCRIBED AND THE MOST I M P O R T A N T
EQUATIONS A R E G I V E N .
-PERTINENT FIGURES-
FIG. 1 FLAHE SCHEMATIC, PAGE H
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CONSIDERATIONS FOR LNG PIPE BATERIAL SELECTION
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
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-ABSTRACT-
THE OBJECTIVE OF THIS P A P E R IS TO DISCUSS S O M E C O N S I D E R A T I O N S IN
A R R I V I N G AT A M A T E R I A L SELECTION FOR AN LNG P I P E L I N E FROM A
F R A C T U R E TOUGHNESS V I E W P O I N T . A L T H O U G H T H E R E A R E OTHER
C O N S I D E R A T I O N S THAT MUST B E T A K E N INTO A C C O U N T I N T H E SELECTION O F
AN A P P R O P R I A T E PIPE M A T E R I A L FOR A GIVEN PROJ ECT-- E .G. , S T R E N G T H ,
HELDABILITY, FABRICABILITY, C O N T R A C T I O N COEFFICIENT, ETC.—ONLY
FRACTURE TOUGHNESS CONSIDERATIONS WILL BE TREATED IN THE PRESENT
P A P E R . .
• • • • • • . -BIBL-IOGRAPHY-
A N D E R S O N , J . H . , LIQUEFIED-MET H ANE PIPELINE. N E X T GAS T R A N S M I S S I O N
STEP., OIL AND GAS J. , VOL 63, 74-80 (1965) FEB 8/ /DIMENTBERG,8 . ,
BETTER ECONOMICS PROMISE E V E N T U A L USB OF LNG LINES, OIL AND GAS
J., VOL 65, 96-102 (1967) SEP 18/ /CARBONELL,E. , G U E R I N , J . Y . , AND
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M A N Y BASE-LOAD PROJECTS FOR S U P P L Y I N G LNG TO THE D N I T E D STATES ARE
M O V I N G F R O H T H E P L A N N I N G T O T H E E N G I N E E R I N G PHASE, CONFRONTING
D E S I G N E N G I N E E R S W I T H T H E T A S K O F DESIGNING L A R G E STORAGE A N D
R E G A S I F I C A T I O N FACILITIES. THIS ARTICLE DESCRIBES THE G E N E R A L
PROCESSING SEQUENCE FOR AN LNG STORAGE AND REGASIFICATION
T E R M I N A L , DISCUSSING E N G I N E E R I N G SYSTEMS A N D PROCEDURES UTILIZED
IN SUCH A FACILITY.
-PERTINENT FIGURES-
TAB. 1 LNG I M P O R T T E R M I N A L S A N N O U N C E D FOR U.S., PAGE 67//TAB.2
U N L O A D I N G TIME, PRESSURE DROP, P A G E 68//TAB.3 T H E R M A L
C O N D U C T I V I T Y , O V E R A L L HEAT FLDX, P A G E 69//FIG.1 L N G T E R M I N A L ,
R E G A S I F I C A T I O N FACILITY, PAGE 67
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PROCESSING, 50, NO. 8 (1971) / /MAHER,J .B .
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-ABSTRACT-
W H E N THE M E T H A N E PIONEER WAS FITTED W I T H DEEPHELL PUMPS IN 1958,
HIGH SPEED C E N T R I F U G A L S U B M E R G E D ELECTRIC MOTOR D R I V E N P U M P S W E R E
A L R E A D Y IN SERVICE IN A I R C R A F T FUEL T A N K S . A L T H O U G H THE DESPWELL
PUMPS WERE G E N E R A L L Y SATISFACTORY, DIFFICULTIES W E R E E N C O U N T E R E D
WHICH W E R E BELIEVED TO BE DUE TO THE LENGTH OF THE DRIVE SHAFT.
THE ELIMINATION OF THE LONG SHAFT, ITS SUPPORT B E A R I N G S AND THE
SHAFT SEAL R E M O V E S AT ONE STROKE A N U M B E R OF SOURCES OF POTENTIAL
P U M P FAILURE. . ADDITIONALLY, THE S U B M E R G E D ELECTHIC MOTOR PRINCIPLE
ENABLES THE. USE OF HIGHER P U M P SPEEDS T H A N CAN BE TOLERATED BY
LONG SHAFT . ' DRIVES. FOLLOWING CAREFUL C O N S I D E R A T I O N . OF THE
A D V A N T A G E S OF THE TWO TYPES ' OF PUMP, CONCH DECIDED IN 1959 TO
BEGIN A SERIES OF TESTS TO P R O V E THE SUITABILITY OF THE S U B M E R G E D
ELECTRIC MOTOR DRIVEN PUMP FOR LNG SERVICE, AND TO PROVIDE
SUFFICIENT I N F O R M A T I O N TO THE CLASSIFICATION SOCIETIES AND
REGULATORY BODIES TO OBTAIN THEIR APPROVAL FOR THIS T Y P E OF PUMP
FOR LIQUEFIED GAS SERVICE. C O N C H CHOSE A P U M P M A N U F A C T U R E D BY THE
J. C. CARTER C O M P A N Y FOR THIS PURPOSE. THIS PAPER DESCRIBES THE
V A R I O U S STEPS E A C H C O M P A N Y HAS M A D E OVER THE PAST Y E A R S IN
DEVELOPING THE P U M P , O B T A I N I N G A U T H O R I T Y FOR ITS USE AND P R O D U C I N G
DESIGNS TO MEET THE R E Q U I R E M E N T S FOUND IN SERVICE.
-PERTINENT FIGURES-
FIG. 3 SHIP PUMP-MOTOR UNIT, P A G E 391//FIG.U REMOVABLE PUMP-MOTOR
UNIT , PAGE 392
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-ABSTRACT-
A B O V E G R O U N D , M E T A L , DOUBLE HALL T A N K S ARE C O N S I D E R E D TO BE THE
HOST P R A C T I C A L M E A N S FOR STORING LIQUEFIED N A T U R A L GAS T O D A Y ,
P R O V I D I N G BOTH S T R U C T U R A L RELIABILITY AND PREDICTABILITY OF
BOIL-OFF R A T E S AT ACCEPTABLE COSTS. SIGNIFICANT DIFFERENCES
B E T W E E N THE DESIGN OF LNG
T A N K S H A V E R E Q U I R E D T H E
P A P E R DISCUSSES S O M E OF
GIVES C U R R E N T A P P R O A C H E S
THE UNITED .STATES. AN
T E C H N I C A L I N F O R M A T I O N ON
PLACES E M P H A S I S ON THOSE
S T O R A G E T A N K S A N D OTHEB L O W T E M P E R A T U R E
E X T E N S I O N OF EXISTING TECHNOLOGY. THIS
THE IMPORTANT DESIGN C O N S I D E R A T I O N S . IT
TO AND SOLUTIONS OF D E S I G N PROBLEMS IN
ATTEMPT IS H A D E TO P R E S E N T .PERTINENT
THE MAJOR STORAGE COM-PONENTS. THE P A P E R
ITEMS NOT READILY F O U N D IN C U R R E N T (1969)
L I T E R A T U R E
C O V E R E D .
AND BY-PASSES THOSE HHICH H A V E A L R E A D Y BEEN HELL
- P E R T I N E N T FIGURES-
FIG, 1 DOUBLE H A L L LNG T A N K - N I T R O G E N P U R G E P R I M A R Y AND S E C O N D A R Y
C O M P O N E N T S , P A G E U66//FIG.2 I N S U L A T I O N S Y S T E M F O R T A N K BOTTOM,
P A G E U67// FIG.3 F R E E SPAN G R I D ROOF FOR LNG O U T E R T A N K , 19U FT .
D I A M E T E R , P A G E 4 6 8
- B I B L I O G R A P H Y - . '
A P I S T A N D A R D N O . 620, DESIGN A N D CONSTRUCTION O F L A R G E , f f E L O E D
L O W - P R E S S U R E S T O R A G E T A N K S , A P P E N D I X Q , L O W - P R E S S U R E S T O R A G E T A N K S
FOR L I Q U E F I E D N A T U R A L G A S / / N F P A NO. 59A-T-1966, S T A N D A R D FOR THE
S T O R A G E A N D H A N D L I N G O F L I Q U E F I E D N A T U R A L G A S A T UTILITY G A S
PLANTS/ /API S T A N D A R D N O . 2510A, D E S I G N A N D C O N S T R U C T I O N O F L N G
I N S T A L L A T I O N S AT P E T R O L E U M T E R M I N A L S , N A T U R A L GAS P R O C E S S I N G
PLANTS, REFINERIES , A N D OTHER I N D U S T R I A L PLANTS/ /PERLITE
INSTITUTE, I N C . , T E C H N I C A L DATA' SHEET NO. 2-3, E X P A N D E D P E R L I T E
I N S U L A T I O N FOR LOH T E M P E R A T U R E S IN ATMOSPHERIC SERVICE
- S O U R C E I N F O R M A T I O N -
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-ABSTRACT-
THE T R E N D IN DESIGN OF SHIPS FOB T R A N S P O R T I N G L I Q U E F I E D N A T U R A L
GAS IS T O W A R D S THE REPLACEMENT OF SELF-SUPPORTING T A N K S BY
I N T E G R A T E D TANKS. THE LATTER ARE THIN-METALLIC M E M B R A N E T A N K S
SUPPORTED BY L O A D - B E A R I N G I N S U L A T I O N FITTED TO THE INSIDE OF THE
H U L L . THIS PAPER DESCRIBES ONE DESIGN OF INTEGRATED C A R G O T A N K FOR
S H I P B O A R D T R A N S P O R T A T I O N OF L N G , DISCUSSES THE LOADS IMPOSED ON IT
AND SHOWS . H O W THE RESULT OF CYCLIC PRESSURE FATIGUE TESTS ON PILOT
S C A L E T A N K S HAVE BEEN A N A L Y S E D STATISTICALLY USING THE LIKELIHOOD.
F U N C T I O N . THE PAPER ALSO SHOWS HOW THE FATIGUE DATA CAN BE
C O M B I N E D WITH THE SEA LOAD S P E C T R U M TO PREDICT W H E T H E R SHIP T A N K S
WILL H A V E A N ACCEPTABLE F A T I G U E STRENGTH.
- P E R T I N E N T FIGURES-
FIG. 1 CROSS-SECTION OF I N T E G R A T E D LNG C A R G O T A N K , PAGE U84
- B I B L I O G R A P H Y -
ALL*E'A'U-H-E,J., THE ' M E T H A N E T H Y L E N E T A N K E R P Y T H A G O R E , ASSOCIATION
T E C H N I Q U E M A R I T I M E ET A E B O N A U T I Q U E , 196U/ /ROOKE,D.E . AND
F I L S T E A D , C . G . , THE U . K . L I Q U I D M E T H A N E T A N K E R S , P R O C . C O N F . -
P E T R O L E U M AND THE SEA, M O N A C O , MAY 1965//FFOOKS, R . C . AND
M A S S A C , G . , LA C O N C E P T I O N El LA MISE EN POINT D UNE T E C H N I Q U E DE
C U 7 E M E M B R A N E POUR LE T R A N S P O R T DE GAZ N A T U R E L LIQUEFIE,
ASSOCIATION T E C H N I Q U E M A R I T I M E ET A E R O N A U T I Q U E , 1968/ / JACKSON,R.G.
A N D K O T C H A R I A N , M . , TESTING A N D T E C H N O L O G Y O F MODELS O F I N T E G R A T E D
T A N K S F O R L N G C A R R I E R S
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-ABSTRACT-
TEIS P A P E R D E A L S W I T H THE E X P E R I E N C E OBTAINED IN T R A N S P O R T I N G
A L G E R I A N N A T U R A L G A S B Y ROAD T A N K E R A N D V A P O R I Z I N G INTO N A T U R A L
GAS MAINS FOR THE GAS BOARDS DURING THEIR CONVERSION P R O G R A M F R O M
T O W N S GAS TO N A T U R A L GAS. THE SUBJECT IS DEALT W I T H IN TWO
SECTIONS. 1 . R O A D T A N K E R S AND T R A N S P O R T OF LNG BY R O A D , 2 . SITE
O P E R A T I O N S .
- P E R T I N E N T ' F I G U R E S - .
FIG.3 1U TON AND 6 TON LNG T A N K E R P R E S S U R E RISE, P A G E 570//FIG.4
P R E S S U R E RISE IN 14 TON LNG T A N K E R D U R I N G 5 DAY R U N ; P A G E 571
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-ABSTRACT-
ilTH THE RECENT S U R G E OF INTEREST IN AND A V A I L A B I L I T Y OF LNG, A
D E M A N D H A S A R I S E N F O R O P T I M U M DESIGN L N G H I G H W A Y T R A N S P O R T
T A N K E R S . THIS P A P E R R E V I E W S D E S I G N C R I T E R I A O F C R Y O G E N I C H I G H W A Y
SEMITRAILERS I N G E N E R A L A N D O F L N G T R A I L E R S I N P A R T I C U L A R . SPECIAL
EMPHASIS IS GIVEN TO METHODS OF TRAILER U N L O A D I N G AND TO SAFETY.
DESIGN A N D P E R F O R M A N C E DATA A R E P R E S E N T E D O N THREE 11 ,650-GALLON
T R A I L E R S DESIGNED AND BUILT SPECIFICALLY FOR LNG SERVICE.
-PERTINENT FIGURES-
FIG. 1 TYPICAL PIPING SCHEMATIC, -PRESSURE U N L O A D I N G T R A I L E R , . PAGE
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- A B S T R A C T -
THIS P A P E R BRIEFLY R E V I E W S T H E BASIC R E Q U I R E M E N T S O F C U R R E N T ( I N
1969) S T A N D A R D S FOR LNG S T O R A G E FACILITIES - API2510A DESIGN AND
CONSTRUCTION OF LNG INSTALLATIONS AT PETROLEUM TERMINALS, NATURAL
GAS PROCESSING PLANTS, REFINERIES, AND OTHER INDUSTRIAL PLANTS AND
N F P A 59A LIQUEFIED N A T U R A L GAS AT UTILITY GAS PLANTS. ALSO, S O M E
OF THE B A C K G R O U N D AND T H I N K I N G THAT W E N T INTO THE DEVELOPMENT OF
THE R E Q U I R E M E N T S OF THESE S T A N D A R D S IS PRESENTED. W H I L E THERE ARE
SOME DIFFERENCES B E T W E E N THESE TWO S T A N D A R D S , IT SHOULD BE
R E C O G N I Z E D THAT T H E Y COVER DIFFERENT TYPES OF INSTALLATIONS. STEPS
ARE DISCUSSED TO RECONCILE THE DIFFERENCES BETWEEN THESE TWO
S T A N D A R D S W I T H THE ULTIMATE G O A L OF DEVELOPING A S I N G L E LNG
S T A N D A R D .
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THE BRITISH CRYOGENICS COUNCIL SAFETY MANUAL IS DESCRIBED. THE
FIVE SECTIONS, GENERAL SAFETY REQUIREMENTS, AIR SEPARATION PLANTS,
LIQUEFIED NATURAL GAS, HYDROGEN SEPARATION PLANTS, AND ETHYLENE
AND ETHANE, ARE REVIEWED SEPARATELY. THIS MANUAL IS NOT A CODE. IT
IS A GUIDE TO GOOD PRACTICE IN WHICH THE ACCUMULATED KNOWLEDGE AND
EXPERIENCE OF THE MAJOR BRITISH COMPANIES OPERATING IN CRYOGENICS
(WITH ADDITIONAL HELP FROM A NUMBER OF OVERSEAS COMPANIES) HAVE
BEEN POOLED. THIS GUIDE, USED INTELLIGENTLY AND IMAGINATIVELY,
HILL ENHANCE THE VIEW THAT THE APPLICATIONS OF LOH-TEMPERATURE
TECHNOLOGY ARE NOT ONLY FASCINATING AND WORTHWHILE* BUT ALSO SAFE.
THE MANUAL MAY BE OBTAINED FROM THE INSTITUTION OF. CHEMICAL
ENGINEERS, 16 BELGRAVE SQUARE, LONDON, ENGLAND.
-SOURCE INFORMATION-
CORPORATE SOURCE -
CONCH METHANE SERVICES LTD., LONDON, ENGLAND
JOURNAL PROCEEDINGS -
ADVAN. CHYOG. ENG. VOL 17, 176-81 (1972) (PAPER F- 1 )
PUBLISHER -
PLENUM PRESS, NEW YORK
OTHER INFORMATION -
0006 PAGES, 0000 FIGURES, 0000 TABLES, 0000 REFERENCES
313
keys 1963U through 19638






S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y EVAL.
U/Unrestricted Unlioited Summary Good/Excel.
-ABSTRACT-
T H I S A R T I C L E DISCUSSES A D V A N T A G E S AND D I S A D V A N T A G E S OF THE V A R I O U S
A V A I L A B L E METHODS OF L N G ' S T O R A G E - A B O V E G R O U N D DOUBLE-BALLED M E T A L
T A N K S , ABOVE OR BELOH GROUND PRESTRESSED CONCRETE T A N K S , INGBODND
F R O Z E N E A R T H S T O R A G E , AND C A V E R N STORAGE. CONSIDERATION IS GIVEN
TO S A F E T Y , RELIABILITY AND COST IN THE SELECTION PROCESS.
- P E R T I N E N T FIGURES- - .
FIG.4 V A R I A T I O N OF LNG STORAGE T A N K BOILOFF RATE WITH INSULATION
T H I C K N E S S , PAGE 66
- B I B L I O G R A P H Y -
W A L T E R S , W . J . AND H A R D , J . A . , FACILITIES FOR I M P O R T A T I O N OF LIQUID
M E T H A N E INTO C A N V E Y ISLAND, T H E INSTITUTION O F G A S E N G I N E E R ,
C O M M U N I C A T I O N 696// W A R D , J . A . A N D E G A N , P . C . , E X P E R I E N C E W I T H
F R O Z E N S T O R A G E U N I T S F O R L I Q U E F I E D N A T U R A L G A S - C A N V E Y ISLAND U K ,
L I Q U E F I E D N A T U R A L G A S C O N F E R E N C E , L O N D O N , M A R C H 25-28,
1 9 6 9 / / W A B D , J . A . A N D H I L D R E W , H . G . , LATEST D E V E L O P M E N T S A T C A N V E Y
ISL'AND,. FIRST I N T E R N A T I O N A L C O N F E R E N C E ON L N G , CHICAGO, APRIL
7-12, 1963
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-ABSTRACT-
M A R I N E T E R M I N A L S F O R L I Q U E F I E D N A T U R A L GAS, E T H Y L E N E , A N D
LIQUEFIED PETROLEUM GAS S E R V E D BY OCEAN-GOING VESSELS ARE THE
G E N E R A L SUBJECTS OF THIS P A P E R . T E R M I N A L S S E R V E D E X C L U S I V E L Y BY
I N L A N D , C A N A L , OR R I V E R - G O I N G BARGES HILL BE B R I E F L Y DISCUSSED.
FOR AT LEAST 15 Y E A R S R E F R I G E R A T E D S H I P M E N T OF LIQUIDS OF UP TO
3000 TONS PER B A R G E H A V E B E E N C O M M O N . H O W E V E R , D U R I N G THE LAST 10
Y E A R S SHIPS DESIGNED TO C A R R Y 10,000 TO 70,000 TONS OF
R E F R I G E R A T E D LIQUIDS H A V E BEEN BUILT AND PLACED IN SERVICE.
TERMINALS SERVING THESE SHIPS ARE U N I Q U E IN M A N Y SAYS.
LARGER-CAPACITY PRODUCTION FACILITIES HILL M A N D A - T E BIGGER STORAGE
T A N K S AND HIGHER-CAPACITY SHIPS. IT A P P E A R S QUITE CLEAR THAT
REFRIGERATED STORAGE AND SHIPPING OF LNG, ETHYLENE, AND LPG WILL
BE MORE COMMON AND IN G R E A T E R D E M A N D . DIFFERENCES IN PRODUCT
STORAGE TEMPERATURES AND COMPOSITIONS R E Q U I R E C A R E F U L
CONSIDERATION W H E N DESIGNING R E F R I G E R A T E D STORAGE FACILITIES.
PARTICULARLY, T H E L A N D S T O R A G E FILLING A N D P U M P O U T FACILITY MUST
INCLUDE IN ITS DESIGN PROPER CONSIDERATION OF THE COOLDOWN
REQUIRED FOR THE I N F R E Q U E N T L Y U S E D P R O D U C T FILL OR P U M P O U T L I N E S .
R E F R I G E R A T I O N DUTIES FROM SHIP P U M P E N E R G Y , L I N E HEAT L E A K ,
DISPLACED VAPOR, ETC. MUST BE E V A L U A T E D AND P R O P E R L Y A C C O M M O D A T E D
IN THE L A N D STORAGE FACILITY WHICH R E C E I V E S R E F R I G E R A T E D PRODUCT.
-PERTINENT F I G U R E S -
TAB. 1 LAND STORAGE COMPARISON FOR 20000 TONS PRODUCT, PAGE
85//TAB.2 EFFECT OF T A N K HEIGHT ON COST AND BOIL-OFF, PAGE
89//FIG.7 CONSEQUENCES OF N O N U N I F O R M SUPPORT OF LOAD-BEARING
INSULATION, PAGE 91//FIG.8 RINGBALL FOUNDATION SUPPORT FOR
REFRIGERATED STORAGE TANKS, PAGE 91//FIG,9 PILING AND CAP
FOUNDATION SUPPORT FOR REFRIGERATED STORAGE TANKS, PAGE 92
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-ABSTRACT-
THIS PAPER P R E S E N T S A S U M M A R Y OF THE
P R E S S U R E D ilTH LIQUEFIED N A T U R A L G A S
E X P E R I M E N T S C O N D U C T E D F O R T H E P I P E L I N E
A M E R I C A N GAS A S S O C I A T I O N . THE OBJECTIVE
INVESTIGATE T H E CONDITIONS S U R R O U N D I N G
P R O P A G A T I O N , A N D A R R E S T O F F R A C T U R E S
PRESSURING FLUID. A L T O G E T H E R , 14 E X P E R I M E N T S ARE
THESE EMPLOYED LNG AS THE P R E S S U R I N G M E D I U M ,
F R A C T U R E B E H A V I O R O F PIPE
AS O B S E R V E D IN FULL-SCALE
R E S E A R C H COMMITTEE OF THE
OF THE E X P E R I M E N T S $AS TO
THE INITIATION, U N S T A B L E
W H E N LNG IS U S E D AS THE
REPORTED—9 OF
I N C L U D I N G . T W O
A L O M I N U M ALLOY E X P E R I M E N T S C O N D U C T E D O N A N O T H E R R E S E A R C H P R O G R A M .
OF SPECIAL I M P O R T A N C E A M O N G THE D A T A . O B T A I N E D - IN THIS ' R E S E A R C H
INVESTIGATION IS THE OBSERVATION T H A T A STRESS L E V E L EXISTS B E L O W
W H I C H UNSTABLE F R A C T U R E P R O P A G A T I O N C A N N O T BE SUPPORTED IN LIQUID
FILLED LNG PIPELINES. THIS CRITICAL STRESS LEVEL CAN BE C O M P A R E D
WITH THE STRESS LEVEL AT THE S A T U R A T I O N P R E S S U R E OF THE LNG
PIPELINE UNDER EXPECTED O P E R A T I N G CONDITIONS (THE PIPELINE WOULD
DECOMPRESS TO THE S A T U R A T I O N P R E S S U R E AT THE ONSET OF FRACTURE)
AND PIPE WALL THICKNESS CAN BE A C C O R D I N G L Y CHOSEN TO P R E V E N T THE
POSSIBILITY OF L O N G , U N S T A B L E F R A C T U R E P R O P A G A T I O N SHOULD ONE
U N A V O I D A B L Y BE INITIATED. T H R S E E X P E R I M E N T S SUGGEST THAT IT MAY BE
POSSIBLE TO DESIGN S HIP-TO-S HOHE LNG T R A N S F E R L I N E S , I N - P L A N T LNG
PIPING, OR OTHER C R Y O G E N I C P I P E L I N E S WITH A G R E A T E R A S S U R A N C E OF
SAFETY.
- P E R T I N E N T FIGURES-
TAB. 1 RESULTS OP LAB TESTS AND FULL-SCALE E X P E R I M E N T S , P A G E
V/FIG.2 CHARACTERISTIC V A P O R AND SUBCOOLED FLUID DECOMPRESSION,
PAGE 10//FIG.3 EXTENT OF PROPAGATION V E R S U S STRESS LEVEL AT THE
SATURATION-PRESSURE LEVEL FOR PIPE M A T E R I A L S , PAGE 11
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605 THIRD A V E N U E , HEW Y O B K , NEW Y O R K , CATALOG NO. L30075
( N O V E M B E R , 1969)// L A K E , R . L . , E IBER,R.J . AND D E M O N E Y , F. 9 . , BURST
TESTS OF PfiE-FLAWED WELDED A L U M I N U M ALLOY PRESSURE VESSELS AT -220
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MARINE TERMINALS FOB LPG, ETHYLENE AND LNG
by
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L I T Z I N G E R , L. F.
00/00/71
SECURITY CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestricted Unlimited S u m m a r y Good/Excel.
-ABSTRACT-
DIFFERENCES I N P R O D U C T S T O R A G E T E M P E R A T U R E S A N D COMPOSITIONS
R E Q U I R E C A R E F U L C O N S I D E R A T I O N W H E N D E S I G N I N G R E F R I G E R A T E D S T O R A G E
FACILITIES. P A R T I C U L A R L Y , T B E L A N D S T O R A G E FILLING A N D P U M P O U T
FACILITIES MUST I N C L U D E IN T H E I R D E S I G N PROPER CONSIDERATIONS OF
THE C O O L D O W N R E Q U I R E D FOR THE I N F R E Q U E N T L Y USED P R O D U C T FILL OR
P U M P O U T LINES. R E F R I G E R A T I O N D U T I E S FROM SHIP P U M P E N E R G Y , L I N E
H E A T LEAK, DISPLACED V A P O R , ETC. M U S T B E E V A L U A T E D A N D P R O P E R L Y
A C C O M M O D A T E D IN THE L A N D STORAGE FACILITY W H I C H RECEIVES
.REFRIGERATED PRODUCT. ALSO, V E R Y C A R E F U L A T T E N T I O N M U S T BE G I V E N
TO SOILS .INVESTIGATIONS AND D E S I G N OF F O U N D A T I O N S FOR R E F R I G E R A T E D
STORAGE T A N K S SO AS TO LIMTT S E T T L E M E N T S TO. V A L U E S M U C H - L O W E R T H A N
ARE OFTEN THOUGHT PERMISSIBLE FOR OIL OR WATER S T O R A G E TANKS. THIS
ARTICLE DISCUSSES THESE AND OTHER ASPECTS OF R E F R I G E R A T E D PRODUCT
T E R M I N A L DESIGN - INCLUDING L N G , E T H Y L E N E AND LPG.
- P E R T I N E N T F I G U R E S -
FIG.1 P R I N C I P A L C O M P O N E N T S O F A M A R I N E T E R M I N A L F O R L N G , E T H Y L E N E
A N D , LPG //FIG. 2 H E A T DUTIES ASSOCIATED W I T H THE U N L O A D I N G OF A
COLD PRODUCT A T A M A R I N E T E R M I N A L / / F I G . 3 M O D E R N L N G A N D E T H Y L E N E
STORAGE TANK//FIG.5 RESILIENT B L A N K E T CONCEPT FOR COLD P R O D U C T
STORAGE//FIG.7 R I N G W A L L F O U N D A T I O N F O R R E F R I G E R A T E D S T O R A G E
TANKS//FIG.8 PILING AND CAP FOUNDATION FOR REFRIGERATED STORAGE
T A N K S
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A D V A N C E M E N T S IN C O N S T R U C T I O N AND P E R F O R M A N C E OF ABOVEGBOUND
STORAGE TANKS FOR LNG, 12TH I N T E R N A T I O N A L CONGRESS OF
BEFRIGERATION, M A D R I D , S P A I N , SEPTEMBER 1967// M A R S H A L L , H . T . ,
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THE RAPID G R O W T H OF THE LNG INDUSTRY HAS LED TO A D E M A N D FOB
I N N O V A T I O N S TO I N C R E A S E EFFICIENCY AND DECREASE COSTS. I N N O V A T I O N
IS USEFUL AS LONG AS IT DOES NOT PROCEED AT SUCH A GREAT RATE THAT
IT LEADS TO EXCESSIVE BISK T H R O U G H ELIMINATION OF NECESSARY DESIGN
A N A L Y S E S AND PROTOTYPE DEVELOPMENTS. THIS PAPER DOES NOT ATTEMPT
TO DEFINE DETAILED DESIGN APPROACHES, BUT RATHER IS A GENERALIZED
DISCUSSION OF THE FACTORS TO BE C O N S I D E R E D IN ANY LNG PROJECT. THE
E N G I N E E R S IN THE LNG I N D U S T R Y BUST CONTINUE TO ASSUME AND
R E C O G N I Z E TO THE BEST OF THEIR ABILITY THE IMPORTANT
RESPONSIBILITIES THEY H A V E W H E N THEY SEEK TO ACHIEVE ECONOMIES.
THE INDUSTRY WAS B A D L Y AFFECTED AND ITS POTENTIAL G R O W T H
COMPLETELY STOPPED FOR Y E A R S BECAUSE OF THE C L E V E L A N D DISASTER,
AND IT M O U L D BE EXTREMELY U N F O R T U N A T E TO H A V E HISTORY REPEAT
ITSELF. THE I N D U S T R Y MUST S T R I V E TO W O R K IN UNISON AND FACE UP TO
ITS RESPONSIBILITIES REALISTICALLY. FOR I N S T A N C E , THE HAZARDS OF
WATER AND L A N D SPILLS MUST C O N T I N U E TO BE ASSESSED A N A L Y T I C A L L Y
A N D E X P E R I M E N T A L L Y , A N D T H E RESULTS U N D E R S T O O D A N D I N T E R P R E T E D
C A R E F U L L Y , DIFFERENCES OF O P I N I O N M U S T BE R E S O L V E D IN A R A T I O N A L
M A N N E R A N D R E G U L A T O R Y A G E N C I E S , I N D U S T R I A L ASSOCIATIONS, A N D T H E
I N D U S T R Y MUST ALL P A R T I C I P A T E AND C O N T R I B U T E TO A S S U R E A SAFE
F U T U R E FOB LIQUEFIED N A T U R A L G A S .
- P E R T I N E N T FIGURES-
FIG. 1 G R O W T H OF A B O V E - G R O U N D S T O R A G E V O L U M E FOR LNG, PAGE
71//FIG.2 G R O W T H IN T A N K E R C A P A C I T Y , P A G E 71//FIG.3 EFFECT OF
I N S U R A N C E R A T E I N C R E A S E S O N L N G SHIPPING COSTS, PAGE 7 2
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- ABSTRACT-
THE P U R P O S E OF THIS A R T I C L E IS TO P R E S E N T THE BASIC C O M P O N E N T S OF
A N L N G R E C E I V I N G T E R M I N A L A M D T O A N A L Y S E S E V E R A L O F T H E T E C H N I C A L
P R O B L E M S . E N C O U N T E R E D I N D E S I G N I N G SUCH T E R M I N A L S , E M P H A S I S I S
P L A C E D O N T H E S H I P U N L O A D I N G A N D V A P O R H A N D L I N G S Y S T E M S .
- P E R T I N E N T FIGURES-
T A B . 1 T Y P I C A L P A R A M E T E R S F O R L N G T E R M I N A L S , P A G E 211//FIG.1 L N G
R E C E I V I N G T E R M I N A L , P A G E 211//FIG.2 V A L V E O P E N I N G V A R I E S WITH
S T R O K E M O V E M E N T F O R D I F F E R E N T - T Y P E S O F V A L V E S , P A G E 212//TIG.3
'EXCESS P R E S S U R E F O R V A L V E SHOT-OFF I S H I G H E S T F O R G A T E V A L V E S ,
P A G E 212//FIG.4 LNG R E C I R C Q L A T I O N S Y S T E M , P A G E 213
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FOR THE PURPOSE OF THIS D I S C U S S I O N , H E A T E X C H A N G E E PROE
BEEN CLASSIFIED A S E X T E R N A L A N D I N T E R N A L . E X T E R N A L P R O
THOSE W H I C H CAUSE A HEAT E X C H A N G E R H A L F U N C T I O N DUE TO
C O N D I T I O N I N G OF THE GAS. I N T E R N A L P R O B L E M S ARE THOSE A
WITH THE ACTUAL DESIGN OF THE E X C H A N G E R SYSTEM ITSELF, AN
SUCH CRITERIA A S V A P O R - L I Q U I D DISTRIBUTION, V A P
E Q U I L I B R I U M , PRESSURE DROPS, A N D R E L A T E D P H E N O M E N A .
PROBLEMS A R E U S U A L L Y A P P L I C A B L E T O A N Y TYPE O F HEAT E X C H A
C O N T A M I N A N T S CAUSING PROBLEMS CAN BE EIT-HER V A P O R , LIQ
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U/Unres t r i c t ed
ACCESS L E V E L
FJnli mi ted
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E N T R Y EVAL.
Good/Excel.
-ABSTBACT-
T h E T r i H S E ISOLATED E X P L O S I O N S O B S E R V E D A T T H E B U R E A U O F M I N E S f
U . S . . ' D E P A R T M E N T - O F T H E I N T E R I O R , I N 1969 D U R I N G L N G S P I L L A G E
TESTS ON W A T E R CAN BE E X P L A I N E D IN TERMS OF A R A P I D P H A S E
T R A N S F O R M A T I O N A N D V I O L E N T E X P A N S I O N O F V A P O R F R O M S U P E R H E A T E D
L I Q U E F I E D GAS. A L A Y E R
T H I C K , IH C O N T A C T WITH
SHOJiT D E L A Y TIME B E T W E E N
THJ .K- L A Y E R O F L IQUEFIED
S U D D E N T R A N S F O R M A T I O N T O
R E S U L T I N G IN A P R E S S U R E
OF LIQUEFIED GAS, LESS T H A N 10 (-2) CM
THE W A T E R B E C O M E S S U P E R H E A T E D DURING A
R A T E R CONTACT A N D T H E EXPLOSION. W H E N T H E
GAS R E A C H E S ITS . LIMIT OF S U P E R H E A T , A
V A P O R OCCURS BY H O M O G E N E O U S N U C L E A T I O N
H A V E . THE H I G H HEAT F L U X N E C E S S A R Y IN
Oi iDER T H A T THE L I Q U E F I E D GAS BECOftS SUFFICIENTLY S U P E R H E A T E D
O C C U R S D U R I N G P E R I O D S O F LIQUID-TO-LIQUID C O N T A C T I N T R A N S I T I O N
B O I L I N G . THE CRITICAL T R A N S I T I O N R E G I O N IS FIXED BY THE
i J R E » \ S D C O M P O S I T I O N - O F T H E L I Q U E F I E D G A S A N D T H E
H R E o p T H E H A T E H . V A P O R E X P L O S I O N S F80H L N G SPILLED ONTO
Li--. A T A B B I E N ' T T E K P S R A T U S E C A N O N L Y OCCUR I F T H E M E T H A N E
OF THE LNG IS LESS T H A N UO MOL P E R C E N T . F U R T H E R M O R E ,
E X P L O S I O N S K I L L HOT O C C U R IF THE KOLE R A T I O OF P R O P A N E TO E T H A N E
IS ' TO 3 OF G R E A T E R . LKG CAN E V E N T U A L L Y AGE IN A S T O R A G E T A N K , BY
B O I L I N G O F F M E T H A N E , T O R E A C H T H E C O M P O S I T I O N R E Q U I R E D T O P R O D U C E
A V t P O T o E X P L O S I O N O N A M B I E N T W A T E R . HO>• E V E R , I F T H E H E T H A N E
C O N T F H T 7.3 95 KOL P E R C - 3 N T INITIALLY-, ONLY 10 PERCENT OF THE
I N I T I A L V O L U M E O F L I Q U I D 'JILL R E G A I N W E E K T H E L N G H A S A G E D T O T H E
C R I T I C A L C O M P O S I T I O N ( L E S S T H A N 4 0 H O L P E R C E N T M E T H A N E ) . A T THIS
T?: i ; i ; r TH'_: ' N C ' S M A L B O I L I K G POINT O F T H E L I Q U I D 5 E N A I K I K G SILL B E
f - H Q ! : T * ; r -PGRSES C B A R M E R T H A N N O R M A L L N G . T H E E N E R G Y R E L E A S E FROM
LlOlir jFISU G A S - W A T E R EXPLOSIONS IS LIMITED BY THE HEAT T R A N S F E R R E D
D D l c T K G D I R E C T L I Q U I D C O N T A C T BEFORE THE LIMIT OF S U P E R H E A T IS
R E A C H E D , T H E E S T I M A T E D M E C H A N I C A L - E N E R G Y R E L E A S E I S O P T H E O R D E R
O F O N L Y 0 . 5 C A L . C M ( 2 ) O F I N T E R F A C E A R E A .
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T A B . 1 C R
R A T S O F
3i*//TP.B, 2
ITICAL E M B R Y O SIZE, W O R K OF
- B U B B L E F O R M A T I O N A T T H R E E
L I Q U E F I E D G A S S P I L L A G E
F O R M A T I O N , A N D S T E A D Y - S T A T E
S U P E R H E A T S O F E T H A N E , P A G E
O N W A T E R , P A G E 3 U / / T A D . 3
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P A V L O V , P . A . , TEPLOPIZ . V Y S O K . T E M P . , VOL 8, NO. 4, PP 833
(1970) / /BECKER,R . A N D D O R I N G , W . , A N N A L . P H Y S I K , V O L 2 4 , P P 7 1 9
(1935)
-SOURCE I N F O R M A T I O N -
COBPORATE SOURCE - .
SHELL PIPE LINE CORP. , H O U S T O N , TEX. . •
J O U R N A L PROCEEDINGS -
A D V A N . CRYOG. E N G . VOL 18, 32-41 (1973) (PROC. OF CRYOGENIC
E N G I N E E R I N G CONF. , 18IH, BOULDER, COLO., AUG 9-11, 1972.
PAPER A-4)
PUBLISHER -
P L E N U M PRESS, N E H YORK
OTHER I N F O R M A T I O N -
0010 PAGES, 0008 F I G U R E S , 0003 T A B L E S , 0006 REFERENCES
325
key 19676
DEVELOPMENT PBOGEAM FOR A LIQUID HETHANE HEAT PIPE
by
FOSTER, H. G.
M U R R A Y , D. 0.
00/00/73
S E C U R I T Y CLASS
U/Un restricted




E N T R Y E V A L .
Acceptable
-ABSTRACT-
A D E V E L O P M E N T P R O G R A M WAS CONDUCTED TO
O P E R A T I N G W I T H A C O N D E N S E R T E M P E R A T U R E OF 110
2 H, W I T H A M A X I M U M T E M P E R A T U R E G R A D I E N T OF
LENGTHS. IT HAS F O U N D THAT THIS RESULT COULD
P R O V I D E H E A T PIPES
K AND AT A P O W E R OF
2 K ALONG THE 4-FT
BE ACCOMPLISHED WITH
A SIMPLE HIRE-CLOTH HICK, USING M E T H A N E AS THE W O R K I N G FLUID.
T H E R M A L TESTS IN A ONE-G FIELD W E R E CONDUCTED AND RESULTS A G R E E D
CLOSELY WITH THE PREDICTED P E R F O R M A N C E . THE R A D I A L T E M P E R A T U R E
G R A D I E N T WAS FOUND TO BE S M A L L E R T H A N ANTICIPATED FOR A M E T H A N E
HEAT PIPE. NO D E G R A D A T I O N IN P E R F O R M A N C E WAS FOUND AFTER THE
PROTOTYPE WAS SUBJECTED TO L A U N C H E N V I R O N M E N T TESTS. -
^ P E R T I N E N T F IGURES-
F I G . 2 T H E O R E T I C A L P E R F O R M A N C E AT ZERO G , PAGE 98//FIG.3
T H E O R E T I C A L P E R F O R M A N C E AT ONE G, P A G E 98//FIG. 4 T H R O U G H P U T VS
T E M P E R A T U R E , PAGE 99// FIG.5 P O W E R T R A N S F E R R E D V S TOTAL
T E M P E R A T U R E DROP, H O R I Z O N T A L POSITION, P A G E 100//FIG.6 P O W E R
T R A N S F E R R E D VS TOTAL T E M P E R A T U R E DROP, I N C L I N E D 1 DEG WITH
E V A P O R A T O R UP, P A G E 100//FIG.7 T E M P E R A T U R E PROFILE, P A G E 101
- B I B L I O G R A P H Y -
' H A S X I N , H . L . , C R Y O G E N I C H E A T PIPE, AIR FORCE FLIGHT D Y N A M I C S
L A B O R A T O R Y , iRIGHT-P A T T E R S O N AFB, O H I O ( J U N 1967)/ /EGGER S ,P .E . AND
S E R K I Z , A . W . , D E V E L O P M E N T O F C R Y O G E N I C H E A T PIPES, A S M E PAPER N O .
7 0 - H A / E N E R - 1 , P R E S E N T E D A T T H E A S M E W I N T E R A N N U A L M E E T I N G , N E W
Y O R K ( N O V 1970) / / B I E B N E T , W . , B R E N N A N , P . J . AND S K R A B E K , E. A. , D E S I G N
A N D D E V E L O P M E N T O F A P R O T O T Y P E STATIC C R Y O G E N I C H E A T T R A N S F E R
S Y S T E M , F I N A L R E P T . D Y N A T H E R M CORP. C O N T R A C T N A S 5-21191 ( A U G
1 9 7 1 ) / / B R E N N A N , P . , T R I M M E H , D . , S H E R M A N , A . AND C Y G N A R O WICZ, T. A . ,
A R T E R I A L A N D G R O O V E D C R Y O G E N I C H E A T PIPES, A S M E P A P E R N O .
7 1 - W A / H T - U 2 , P R E S E N T E D A T A S M E W I N T E R A N N U A L M E E T I N G , L O S A N G E L E S ,
C A L I F O R N I A (DEC 1971)//JOY ,P. , O P T I M U M C R Y O G E N I C H E A T - P I P E D E S I G N ,
A S M E P A P E R 70-HT/SPT-7, P R E S E N T E D AT SPACE T E C H N O L O G Y AND H E A T
T R A N S F E R C O N F E R E N C E , L O S A N G E L E S , C A L I F O R N I A , J U N E 21-21(1970) / /CHI,S .H. AND C Y G N A R O W I C Z , T . A . , T H E O R E T I C A L A N A L Y S I S OF
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C R Y O G E N I C HEAT PIPES, ASHE P A P E R NO. 70-HT/SP6-6, P R E S E N T E D AT
SPACE TECHNOLOGY AND H E A P T R A N S F E R CONFERENCE, LOS A N G E L E S ,
CALIFORNIA, JUNE 21-2U (1970)
-SOOHCE I N F O R M A T I O N -
CORPORATE SOURCE -
L O C K H E E D MISSILES A N D SPACE CO., P A L O ALTO, CALIF. R E S E A R C H
LABS.
J O U R N A L PROCEEDINGS -
A D V A N . CHYOG. E N G . VOL 18, 96-102 (1973) ( P R O C . OF C R Y O G E N I C
E N G I N E E R I N G C O N F . , 18TH, B O U L D E R , COLO., AUG 9-11, 1972.
PAPER B-7)
P U B L I S H E R -
P L E N U M PRESS, NEW YOSK
OTHER I N F O R M A T I O N -
0007 PAGES, 0007 F I G U R E S , 0000 T A B L E S , 0008 R E F E R E N C E S
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keys 19681 through 1968U




SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
THIS PAPER DISCUSSES THE ADVANTAGES OF PRESTRESSED CONCRETE AS A
MATERIAL OF CONSTRUCTION FOR LNG STORAGE TANKS, DIKES AND BERKS -
FOR PROTECTION AGAINST EXTERNAL IMPACT OP FIRE AND AS A MEANS OF
LIMITING THE POOL SIZE THAT MIGHT RESULT FROM A MAJOR SPILL FROM
THE PRIMARY STORAGE CONTAINER. HISTORY AND CURRENT STATUS OF
PRESTRESSED CONCRETE IN LNG FACILITIES CONSTRUCTION IS GIVEN.
-PERTINENT FIGURES-
• • *
FIG.5-1 6 0 0 , 0 0 0 - B A R R E L P R E S T R E S S E D CONCRETE T A N K , T E X A S E A S T E R N
C R Y O G E N I C C O R P O R A T I O N , S T A T E N ISLAND, N E W YORK//FIG.5-3
350, 0 0 0 - B A R R E L PROTECTIVE DIKE, P H I L A D E L P H I A ELECTRIC
COMPAN1Y/FIG. 5-U W A L L P A N E L ERECTION FOR FIRST OF TWO
583P 0 0 0 - B A R R E L P R E S T R E S S E D C O N C R E T E T A N K S , P H I L A D E L P H I A GAS W O R K S ,
P H I L A D E L P H I A , PA.//FIG.5-5 T W O 900, 0 0 0 - B A R R E L P R E S T R E S S E D C O N C R E T E
T A N K S , DISTRIGAS C O R P O R A T I O N , STATEN I S L A N D , N E W Y O R K
- B I B L I O G R A P H Y -
C L O S N E E , J . J . , S T O R I N G C R Y O G E N S WITH P R E S T R E S S E D C O N C R E T E ,
C R Y O G E N I C E N G I N E E R I N G H E W S / / B E L O H G R O U N D S T O R A G E O F L I Q U E F I E D
K A T D E A ' L , G A S IN P R S S T R E S S E D C O N C R E T E , INSTITUTE OF GAS T E C H N O L O G Y
R E P O R T NO. 8, 1963// C L O S N E R , J . J . , Pf iESTBESSED C O N C R E T E DIKE
S Y S T E M S F O R L N G S T O R A G E C O N T A I N E R , D I S T R I B U T I O N C O N F E R E N C E ,
O P E R A T I N G SECTION, A M E R I C A N G A S A S S O C I A T I O N , C H I C A G O , M A Y 1971
- S O U R C E I N F O H M A T I O N -
C O R P O R A T E S O U R C E -
P R E L O A D E N G I N E E R I N G CO., G A R D E N CITY, N . Y .
J O U R N A L P R O C E E D I N G S -
A P P L I C A T I O N S OF C R Y O G E N I C T E C H N O L O G Y VOL U, 80-8 (1972)
(PROC. OF C R Y O - 7 1 , W A S H I N G T O N , D.C., AUG 29-SEP 1, 1971)
P U B L I S H E R -
I N F O R M A T I O N C O R P . , N E W Y O R K
O T H E R I N F O R M A T I O N -
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keys 19743 through 19744
USE FOAM TO DISPERSE LNG VAPORS
by
B R O W N , L . E .
H E L K E R , J. H.
W E S S O N , H. R.
02/00/74
SECDRITY CLASS ACCESS L E V E L REPORT CLASS E N T R Y E V A L .
D/Unrestricted Unlimited Incremental Good/Excel.
- A B S T R A C T -
THIS SHORT ARTICLE DESCRIBES FIELD TESTS THAT W E R E C O N D U C T E D TO
INVESTIGATE THE EFFECTS OF H I G H - E X P A N S I O N FOAH A P P L I E D TO S T E A D Y
STATE LNG SPILLS. .THE TESTS S H O W E D T H A T A M O N G OTHER THINGS A
B L A N K E T O F H I G H - E X P A N S I O N F O A M EFFECTIVELY R E D U C E S G R O U N D - L E V E L
M E T H A N E C O N C E N T R A T I O N S D O W N W I N D O F A N L N G SPILL.
- P E R T I N E N T FIGURES-
FIG . 1. T E M P E R A T U R E S ABOVE LNG SPILL BEFORE AND .AFTER APPLICATION OF
H I G H - E X P A N S I O N F O A M , PAGE 119//FIG. 2 REDUCTION OF M E T H A N E
CONCENTRATION BY H I G H - E X P A N S I O N F O A M , PAGE 120
- B I B L I O G R A P H Y -
W E S S O N , H . R . , W E L K E R , J. R. , B R O W N , L . E . , AND SL IEPCEVICH ,C. M. ,
CONTROL OF LNG SPILL FIRES OH L A N D W I T H HIGH E X P A N S I O N F O A M S ,
H Y D R O C A R B O N P R O C E S S I N G , OCTOBER 1973
-SOURCE I N F O R M A T I O N -
CORPORATE SOURCE -
UNIVERSITY E N G I N E E R S , I N C . , N O R H A N , OKLA.
J O U R N A L PROCEEDINGS -
HYDROCARBON PROCESS. VOL 53, NO. 2, 119-20 (FEB 1974)
OTHER I N F O R M A T I O N -
0002 PAGES, 0002 F I G U R E S , 0000 TABLES, 0001 REFERENCES
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keys 19685 through 19687
DESIGN CONSIDERATIONS FOR AN AUTOMOTIVE CRYOGENIC FDEL
SYSTEM
by
M A R T I N D A L E , D. L.
00/00/72
S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS ENTRY EVAL.
D/Unrestricted Unlimited Summary . Acceptable
-ABSTRACT-
AW A U T O M O T I V E SYSTEM E M P L O Y I N G A C R Y O G E N I C FLUID AS A FUEL
E N C O M P A S S E S N E A R L Y AS M A N Y U N I Q U E P R O B L E M S AS THE D E V E L O P M E N T OF A
U N I Q U E VEHICLE P O W E R PLANT. THIS P A P E R DESCRIBES T H E PROBLEMS A N D
HOW THEY H A V E B E E N SOLVED BY TECHNOLOGICAL I N N O V A T I O N BASED ON
R E S E A R C H AND TESTING. DETAILS OF FEATURES REQUIRED FOR A CRYOGENIC
C O N T A I N E R USED AS A FUEL S T O R A G E SUPPLY ARE DISCUSSED. SPECIFIC
C O N S I D E R A T I O N S G I V E N THE FILL AND V E N T COUPLINGS, THE FILL AND
V E N T V A L V E S , THE V E N T M A N I F O L D A S S E M B L Y , THE RELIEF V A L V E
SELECTION, T H E V A P O R A N D FLUID W I T H D R A W A L LINES, T H E INSULATION,
THE T A N K - SUPPORT M O U N T I N G , THE SELECTION OF MAT ERIALS, ' AND THE
LIQUID L E V E L ' S Y S T E M ARE ALL DESCRIBED. A D D I T I O N A L CRYOGENIC
F E A T U R E S N E C E S S A R Y FOR THE SYSTEM, SUCH AS C O N T R O L OF FLUID FOR
E N G I N E S U P P L Y , ARE DISCUSSED. CONVERSION OF C R Y O G E N I C FLUID TO
V A P O R AND ITS R E G U L A T I O N IS I N C L U D E D . THE P A P E R IS CONCLUDED W I T H
A D E S C R I P T I O N OF AN O V E R A L L S Y S T E M FOR VEHICLE O P E R A T I O N ON LNG
A N D P R O D U C T D E V E L O P M E N T P R O G R A M S N O W I N P R O G R E S S .
- P E R T I N E N T F I G U R E S -
FIG.7-1 C R Y O G E N I C T A N K SCHEMATIC/ /F IG.7 -2 C O M P O N E N T I L L U S T R A T I O N ,
L N G S Y S T E M F O R A U T O M O T I V E O P E R A T I O N / / F I G . 7 - U VAPOR C O N T R O L WITH
P B E S ' S U R E S-H// FIG. 7-5 V A P O R C O N T R O L WITH B/P VALVE//FIG. 7-6
N O - V E K T S Y S T E M
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
A f l E T E K - S T R A Z A , EL CAJCN, CALIF.
J O U R N A L PROCEEDINGS -
APPLICATIONS OF C R Y O G E N I C T E C H N O L O G Y VOL U, 118-26 (1972)
(PROC. OF CRYO-71 , W A S H I N G T O N , D.C. , AUG 29-SEP 1, 1971)
P U B L I S H E R -
I N F O R M A T I O N C O R P . , N E W Y O R K
OTHER I N F O R M A T I O N -
0009 P A G E S , 0006 F I G U R E S , 0000 T A B L E S , 0000 R E F E R E N C E S
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key 19688
A H L N G SHIP L O A D I N G PIPELINE
by
C R O H L , R. E .
00/00/72
S E C U R I T Y C L A S S A C C E S S L E V E - L - R E P O R T CLASS E N T R Y EVAL.
U/Unrestr icted Unl imi ted S u m m a r y Acceptable
-ABSTRACT-
DETAILS OF THE S H E L L - M I T S U B I S H I B H U N E I LNG S H I P - L O A D I N G SYSTEHS
ABE D E S C R I B E D IN THIS P A P E R . THE L O A D I N G L I N E S ARE ABOUT 2 1 /2
MILES LONG, ARE I N S U L A T E D HITH P O L Y U R E T H A N S FOAfl AND ARE 18 INCHES
IN D I A M E T E R .
- P E R T I N E N T F I G U R E S -
PIG.8-3 . T R E S T L E - M O U N T E D L O A D I N G LINES//FIG. 8-«* END OF T Y P I C A L
I N S U L A T E D PIPE SECTION//FIG.8-5 E X P A N S I O N JOINT ASSEMBLY//PIG . 8-8
A N C H O R AND E X P A N S I O N JOINT SUPPORTS .
-SOURCE I N F O R M A T I O N -
CORPORATE SOURCE -
COSMODYNE C O R P . , T O R R A N C B , CALIF.
J O U R N A L PROCEEDINGS -
APPLICATIONS OF C R Y O G E N I C T E C H N O L O G Y VOL U , 127-UU (1972)
(PROC. OF CHYO-71, W A S H I N G T O N , D. C. , AUG 29-SEP 1, 1971)
PUBLISHER -
I N F O R M A T I O N C O R P . , N E W Y O R K
OTHER INFORMATION -
0008 PAGES, 0009 FIGURES, 0000 TABLES, 0003 R E F E R E N C E S
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SECURITY CLASS ACCESS L E V E L REPORT CLASS E N T R Y EVAL.
U/Unrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
B U L K T R A N S P O R T A T I O N OF LNG IS R E L A T I V E L Y N E B , AND THE FIRST
L A R G E - S C A L E M O V E M E N T S «ERE M A D E B Y W A T E R W H E N A N E X P E R I M E N T A L
T A N K E R ( M E T H A N E P IONEER) M A D E S E V E R A L V O Y A G E S FROM T H E GULF COAST
TO E N G L A N D . SINCE THE P R I N C I P A L NEED FOR LNG T R A N S P O R T IS
I N T E R N A T I O N A L , THE H A T E R MODE HAS C O N T I N U E D TO P I O N E E R
D E V E L O P M E N T S IN TECHNOLOGY AND IN THE E V A L U A T I O N OF H A Z A R D S .
H O W E V E R , PREDICTED E N E R G Y S H O R T A G E S IN THE U N I T E D STATES H A V E
S T I M U L A T E D INTEREST IN LNG T R A N S P O R T BY ALL MODES. C U R R E N T AND
E N V I S I O N E D R E G U L A T O R Y R E Q U I R E M E N T S . F O R . ALL MODES OF
T R A N S P O R T A T I O N , AS W E L L AS O N G O I N G R E S E A R C H ON E V A L U A T I O N OF LNG
H A Z A R D S , ARE DISCUSSED IN THIS P A P E R . H A Z A R D S B E I N G STUDIED
I N C L U D E D O W N W I N D VAPOR T R A V E L , T H E R M A L R A D I A T I O N F R O M B U R N I N G L N G ,
I G N I T I O N O F V A P O R T R A I L S H I T H M E A S U R E M E N T S O F R A D I A T I O N A N D / O R
O V E R P R E S S U R E , A N D F L A H E L E S S E X P L O S I O N S I N W A T E R SPILLS.
, - B I B L I O G R A P H Y-
E K E E G Y , K . B . A N D R K E E L E S , R . S . , O P E R A T I N G E X P E R I E N C E , L N G T A N K E R S ,
P K E 3 S K T . E D A T A P I T A N K E R C O N F E R E N C E , 1971//FIRE A N D E X P L O S I O N
H A Z A R D S A S S O C I A T E D K I T H L I Q U E F I E D N A T U R A L G A S , B U R E A U O F MINES
R E P O R T NO. RI 6099, 1 9 6 2 / / H A Z A R D S OF LNG SPILLAGE IN M A R I N E
T R A N S P O R T A T I O N , B U R E A U OF M I N E S F I N A L REPORT TO U. S . COAST G U A R D ,
F E B u U A R ' Y 1970, (NTIS ACCESSION NO. AD 705078//LNG SPILLS, TO B U R N
O B H O T T O B U R N B Y H E L K E R , W A S S O N , A N D SLIEPCEVICR, P R E S E N T E D A T
T H E D I S T R U B I T I O N C O N F E R E N C E O P E R A T I N G SECTION, A M E R I C A N G A S
A S S O C I A T I O N , P H I L A D E L P H I A , P A . , M A Y 1969/ /REPORTS A V A I L A B L E F R O M
A K E S I C A N G & S A S S O C I A T I O N , 1515 W I L S O N B L V D . , A R L I N G T O N , V I R G I N I A ,
22209,, 1971. VOLS I AND II . A R E P O R T ON LNG SAFETY R E S E A R C H ( A . D .
LITTLE, I N C . ) VOL III. LNG S A F E T Y P R O G R A M — P H A S E I {BATTELLE
C O L U M B U S L A B S . ) VOL. I V . N O N - G R A Y T H E R M A L R A D I A T I O N FROM A F L A M E
A B O V E A POOL OF LIQUID N A T U R A L GAS ( T R W SYSTEMS G R O U P ) VOL. V. AN
E X P E R I M E N T A L VAPOR D I S P E R S I O N L A W F O R A N L N G SPILL ( T R W S Y S T E M S
G R O U P ) / / S T O R A G E A N D H A N D L I N G — L I Q U E F I E D N A T U R A L G A S , NFPA S T A N D A R D
NO. 59A, 1971
- S O U R C E I N F O R M A T I O N -
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CORPORATE SOURCE -
COAST G U A R D , W A S H I N G T O N , D. C.
J O U R N A L PROCEEDINGS -
APPLICATIONS OF C R Y O G E N I C T E C H N O L O G Y VOL U, 167-81 (1972)
(PROC. OF CRYO-71, W A S H I N G T O N , D.C. , AfTG 29-SEP 1, 1971)
PUBLISHER -
INFORHATION C O R P . , N E B Y O R K
OTHER I N F O R M A T I O N -
0015 PAGES, 0000 F IGURES, 0001 TABLES, 0017 R E F E R E N C E S
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SECURITY CLASS ACCESS LEVEL REPORT CLASS E N T R Y E V A L .
U/Unrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
THIS P A P E R BRIEFLY DESCRIBES THE B R O O K L Y N U N I O N GAS C O H P A N Y S
B A S E - L O A D L N G L N G P L A N T A N D T E R M I N A L A T G R E E N P O I N T , N . Y . E M P H A S I S
IS G I V E N TO THE SAFETY ASPECTS OF THE PLANT, I N C L U D I N G E M E R G E N C Y
SYSTEMS AND PROCEDURES.
-SOURCE INFORMATION-
C O R P O R A T E SOURCE -
. B R O O K L Y N U N I O N GAS CO., NEH Y O R K
J O U R N A L PROCEEDINGS -
PIPE LINE IND. VOL 38, NO. 6, 26-9 .(JUN 1973)
OTHER INFORMATION -
OOOU PAGES, 0003 FIGURES, 0000 TABLES, 0000 R E F E R E N C E S
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keys 19705 through 19706
C O M B I N E D STORAGE OF LPG AND N A T U R A L GAS
by
B A C K H A U S , H . W .
00/00/72
S E C U R I T Y CLASS
U/Unrestrioted
ACCESS L E V E L
Unl imi ted
R E P O R T CLASS
Sumtaary
E N T R Y E V A L .
Acceptable
-ABSTRACT-
THE CONCEPT OF C O M B I N E D STORAGE OF N A T U R A L GAS AND LPG IS B A S E D ON
THE SOLUBILITY OF N A T U R A L GAS IN LPG. DATA ON THE L I Q U I D - V A P O R
E Q U I L I B R I U M B E T W E E N M E T H A N E A N D P R O P A N E A R E P R E S E N T E D T O
D E M O N S T R A T E T H E PRINCIPLE. C O M P A R E D WITH P R E S S U R I Z E D D R Y S T O R A G E
O F M E T H A N E , T H E A B S O R P T I O N S C H E M E OFFERS C O N S I D E R A B L E A D V A N T A G E S
H I T H RESPECT TO THE S T O R A G E V O L U M E . THE S A V I N G S IN E N E R G Y ARE
S I G N I F I C A N T C O M P A R E D WITH T H E LIQUEFACTION O F T H E N A T U R A L G A S A N D
LIQUID STORAGE-. THE STORAGE METHOD DESCRIBED THEREFORE HAS ITS
PLACE B E T W E E N THE P R E S S U R I Z E D DRY STORAGE IN C Y L I N D E R S AND SPHERES
AND THE LNG STORAGE. LOCAL C O N D I T I O N S - SUCH AS THE CONTRACT
B E T W E E N THE GAS T R A N S M I S S I O N C O M P A N Y AND THE GAS SUPPLY UTILITY -
H A Y . INFLUENCE THE STORAGE CAPACITY F I N A L L Y . CHOSEN. THE S T O R A G E
METHOD DESCRIBED BECOMES E C O N O M I C FROM A P P R O X I M A T E L Y 30,000 8 (3)
(STP) PER STORAGE CYCLE. O P T I M U M CONDITIONS WILL BE OBTAINED
B E T W E E N 50,000 AND 200,000 M (3) ( S T P ) . A PLANT OF THE LATTER
CAPACITY IS A B L E TO STORE A B O U T 20 ,000,000 M (3) (STP) OF M E T H A N E
D U R I N G A 100-DAY S T O R A G E S E A S O N . N E V E R T H E L E S S , IT SHOULD BE
RECOGNIZED THAT THE A B S O R P T I O N S C H E M E HAS TO BE R E G A R D E D AS A
SHORT TIME STORAGE CONCEPT, T Y P I C A L FOR D A Y / N I G H T OR W E E K / W E E K E N D
P E A K S H A V I N G R E Q U I R E M E N T S .
- P E R T I N E N T FIGURES-
TAB. 1 P H A S E E Q U I L I B R I A DATA FOR THE M E T H A N E - P R O P A N E SYSTEM, P A G E
76//TAB.2 ABSORPTION COEFFICIENT AT U1 ATM AS A F U N C T I O N OF
T E M P E R A T U R E , PAGE 78// TAB. 3 ABSORPTION COEFFICIENT AT -60 D E G R E E S
C AS A FUNCTION OF P R E S S U R E , P A G E 78//FIG.1 E Q U I L I B R I U M DATA FOR
VAPOR AND LIQUID PHASES OF THE P R O P A N E - M E T H A N E SYSTEM, PAGE
76//FIG.2 T E M P E R A T U R E AS A FUNCTION OF ABSORPTION COEFFICIENT,
PAGE 77//FIG.3 DENSITY OF P R O P A N E - M E T H A N E M I X T U R E AS A FUNCTION OF
T E M P E R A T U R E , PAGE 79
-BIBLIOGRAPHY-
LOFFLEH,H. J . , T H E H M O D Y N A M I S C H E EIGENSCHAFTEN B I N A H E R GEMISCHE
LEICHTER GESATTIGTER KOHLENWASSERSTOFPE IM KRITISCHEN GEBIET,
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Summary Acceptable
-ABSTRACT-
THIS P R E S E N T A T I O N WILL C O N S I D E R SOME OF THE SYSTEMS USED TO
L I Q U E F Y C O H M O N L Y - U S E D C R Y O G E N S , SUCH A S N I T R O G E N , O X Y G E N , A I R ,
H Y D R O G E N , A N D H E L I U M , A L O N G WITH S Y S T E M S DSSD T O LIQUEFY N A T U R A L
G A S . T H E V A R I O U S L I Q U E F A C T I O N SYSTEMS A N D T H E R M O D Y N A M I C CYCLES A R E
DESCRIBED, W I T H THEIB A D V A N T A G E S A N D D I S A D V A N T A G E S . T H E SYSTEMS
A R E E V A L U A T E D A N D C O M P A R E D I N T E R M S O F W O R K P E R UNIT BASS
LIQUEFIED.
- P E R T I N E N T FIGURES-
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SECDRITY CLASS ACCESS L E V E L REPORT CLASS E N T R Y E V A L .
U/Unrestricted Unlimited S u m m a r y Good/Excel.
- A B S T R A C T -
THE PURPOSE OF THIS A R T I C L E IS TO PRESENT THE BASIC C O M P O N E N T S OF
A N L N G R E C E I V I N G T E R M I N A L A N D T O A N A L Y S E SEVERAL O F T H E T E C H N I C A L
P R O B L E M S E N C O U N T E R E D IN D E S I G N I N G SDCH T E R M I N A L S , EMPHASIS IS
PLACED ON THE SHIP U N L O A D I N G AND VAPOR H A N D L I N G SYSTEMS.
-PERTINENT FIGURES-
T A B . 1 T Y P I C A L - DESIGN P A R A M E T E R S • FOR LNG R E C E I V I N G T E R M I N A L S , - P A G E
37// FIG.1 FLOW D I A G R A M OF LNG R E C E I V I N G T E R M I N A L , P A G E 37//FIG.2
V A L V E O P E N I N G VS . S T R O K E MOVEMENT- , P A G E 39//FIG.3 M A X I M U M P R E S S U R E
VS. STROKE M O V E M E N T , P A G E 39//FIG.U FLOW D I A G R A M OF LNG
R E C I R C U L A T I O N , PAGE 39//FIG.5 VAPOR FLOW R A T E S VS. LNG U N L O A D I N G
R A T E , P A G E U 4
- B I B L I O G R A P H Y -
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EFFECT IN MISSILES, IN . K . D . T I M M E R H A D S , A D V A N C E S IN C R Y O G E N I C
E N G I N E E R I N G , P L E N U M PRESS, NEW Y O R K , VOL. 9 , 1963, P
2 0 6 / / M U R P H Y , D . W. , AN- E X P E R I M E N T A L I N V E S T I G A T I O N OF G E Y S E R I N G IN
V E R T I C A L TUBES, I N . , K . D . T I M M E R H A U S , A D V A N C E S I N C R Y O G E N I C
E N G I N E E R I N G , P L E N U M PRESS, NEK Y O R K , V O L . 11, 1965, P 353
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C O R P O R A T E SOURCE -
KELLOG ( M . W . ) CO., H O U S T O N , TEX.
J O U R N A L P R O C E E D I N G S -
P I P E L I N E GAS J. VOL 200, NO. 1U, 37 6 39-UO S <*<4 & 46 (DEC
1973)
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R E M O V A L OF IMPURITIES F R O M G A S E S TO BE PROCESSED AT LOW
T E M P E R A T U R E S
b y
D O D G E , B. F.
00/00/72
SECURITY CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestricted Unlimited State Of Art Good/Excel.
- A B S T R A C T -
A L L GASES O F I N D U S T R I A L I M P O R T A N C E A R E M I X T U R E S ( S O L U T I O N S ) O F T W O
O R M O R E C O M P O N E N T S A N D T H E PROCESSES W I T H W H I C H THIS P A P E R I S
C O N C E R N E D H A V E AS T H E I R O B J E C T I V E THE S E P A R A T I O N OF ONE OH M O R E OF
THE C O M P O N E N T S IN A P U R I F I E D F O R M E I T H E R AS A L I Q U I D OR A GAS. THE
U N D E S I R A B L E C O M P O N E N T S A R E C L A S S E D A S I M P U R I T I E S A N D T H E I R
C O N C E N T R A T I O N M A Y V A R Y OVER V E R Y H I D E LIMITS FROM FRACTIONS O F A
P A R T PER MILLION TO OVER 50 P E R C E N T (BY V O L U M E ) AND E V E N
A P P R O A C H I N G 100 PERCENT IN THE CASE OF H E L I U M .PRODUCTION.
IMPURITIES MUST BE R E M O V E D NOT O N L Y TO OBTAIN A DESIRED PRODUCT
PURITY BUT ALSO, P A R T I C U L A R L Y IN C R Y O G E N I C PROCESSES, TO PREVENT
THE DEPOSITION OF SOLIDS W H I C H W O U L D BLOCK PASSAGES AND SOON M A K E
T H E PROCESS I N O P E R A T I V E , T O R E M O V E A N EXPLOSION H A Z A R D , ' T O P R E V E N T
THE B L A N K E T I N G OF H E A T - T R A N S F E R SURFACES BY N O N C O N D E N S I B L E GASES,
AND SOMETIMES TO P R E V E N T C O R R O S I O N . FOR THESE REASONS, THE REMOVAL
OF IMPURITIES IS A VERY CRITICAL STEP IN ANY L O W - T E M P E R A T U R E
PROCESS. THIS P R E S E N T A T I O N H I L L R E V I E W THE METHODS USED IN MOST OF
THE I M P O R T A N T C R Y O G E N I C PROCESSES WITHOUT E N T E R I N G INTO M U C H
DETAIL. EACH OF THE M E T H O D S TO BE DISCUSSED, IF T R E A T E D IN
D E T A I L , W O U L D FORM THE BASIS FOR A PAPER SO THAT IT IS C L E A R T H A T
IF THE P R E S E N T P A P E R IS TO C O V E R THE FIELD C O M P R E H E N S I V E L Y , IT
MUST BE C O N F I N E D TO G E N E R A L DESCRIPTIONS. IN SOME C A S E S ,
R E F E R E N C E S WILL BE CITED W H E R E MORE DETAIL CAN BE OBTAINED. AS FAR
AS IS K N O W N , NO C O M P R E H E N S I V E DISCUSSION OF P U R I F I C A T I O N METHODS
AS APPLIED TO MOST OF THE CRYOGENIC PROCESSES OF INDUSTRIAL
I M P O R T A N C E HAS A P P E A R E D IN THE L I T E R A T U R E . T H E R E IS, OF COURSE, A
C O N S I D E R A B L E L I T E R A T U R E ON THE SUBJECT OF PURIFICATION, BUT IT IS
L A R G E L Y C O N C E R N E D WITH ONE OR TWO P A R T I C U L A R METHODS AND NOT THE
BHOAD TREATMENT ATTEMPTED H E R E .
-PERTINENT FIGURES-
TAB.1 IMPURITIES IN AIR, P A G E 38//TAB.2 E N H A N C E M E N T FACTORS FOR
THE SYSTEM, WATEB-AIR, PAGE 39//TAB. 3 E N H A N C E M E N T FACTOHS FOR THE
SYSTEM CO (2 ) -AIR, PAGE 44
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STORAGE AND HANDLING OF CRYOGEHS
by
E D E S K U T Y , F. J.








E N T R Y EVAL.
Acceptable
-ABSTRACT-
THIS PAPER PRESENTS A GENERAL REVIEW OF OPERATIONS INVOLVING
CRYOGENS, UNDER THE HEADINGS OF STORAGE, HANDLING, AND SAFETY. THE
STRESS OF THE PAPER IS ON LARGE SCALE OPERATIONS, INVOLVING LARGE
AMOUNTS OF CRYOGENS, AND MANY OF THE EXAMPLES USED INVOLVE LIQUID
HYDROGEN. THE PAPER IS TOO BRIEF TO COVER THE RANGE OF SUBJECTS IN
MUCH DETAIL, BUT A GOOD GENERAL INTRODUCTION IS ACHIEVED, AND
REFERENCES ARE GIVEN TO THE DETAILED INFORMATION.
-PERTINENT FIGU.RES-
TAB.3 TYPICAL L A R G E SCALE C R Y O G E N I C C O N T A I N E R P E R F O R M A N C E , P A G E
58//FIG.2 T E M P E R A T U R E DISTRIBUTION IN A 50000-GAL LIQUID H Y D R O G E N
D E W A R , PAGE 60// FIG. 3 OBSERVED AND CALCULATED P R E S S U R E RISE BATES
FOR AN ALMOST FULL SEALED-OFF 50000-GAL LIQUID H Y D R O G E N D E W A R ,
PAGE 60//TAB.4 TYPICAL SHIPMENTS OF C R Y O G E N S , PAGE 64
- B I B L I O G R A P H Y -
B O Y E R , K . , O T W A Y , H . A N D P A R K E R , R . C . , A D V A N C E S I N C R Y O G E N I C
E N G I N E E R I N G , VOL 10, P L E N U M PRESS, NEW Y O R K (1965), PP
273//EDESKUTY,F. J. , W I L L I A M S O N , JR. , K . D. AND R E I D E R , R . , C R Y O G E N I C
FUNDAMENTALS (G. HASSELDEN, E D . ) , ACADEMIC PRESS, LONDON (1971),
CH. 11//LAPIN,A. , ADVANCES IN C R Y O G E N I C E N G I N E E R I N G , VOL 12,
P L E N U M PRESS, NEB YORK (1967) , PP 198// T H O M P S O N , W . R . AND
BOMCORE,C .S . , A D V A N C E S IN C R Y O G E N I C E N G I N E E R I N G VOL 12, P L E N U M
PRESS, NEW YORK (1967), PP 207
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INERT GAS GENERATORS BUILT BY DUTCH COMPANY
-ABSTRACT-
THE INCREASING W O R L D PRODUCTION OF INFLAMMABLE, EXPLOSIVE, AND
OXIDIZING SUBSTANCES IN SOLID, LIQUID, OR GASEOUS FORM HAS
RESULTED IN A L A R G E N U M B E R OF SPECIALIZED SHIPS BEING BUILT
CAPABLE OF SAFELY T R A N S P O R T I N G T H E S E DANGEROUS CARGOES. THESE
SHIPS M U S T BE A R R A N G E D TO C O N F O R M TO SPECIFIC SAFETY R E Q U I R E M E N T S .
ONE OF THE METHODS OFTEN ADOPTED BY O W N E R S FOR THE PROTECTION OF
VESSELS THAT SHIP LPG AND LNG I N V O L V E S THE USE OF INERT GASES.
THIS PAPER DISCUSSES THE INERT GAS GENERATOR, WHICH IS ONE OF THE
MOST SATISFACTORY W A Y S OF O B T A I N I N G A SUPPLY OF INERT GAS.
- P E R T I N E N T F I G U R E S -
FIG . 1 SCHEMATIC D I A G R A M S H O W I N G THE W O R K I N G OF A LOW PRESSURE
INERT GAS G E N E R A T O R , PAGE 516
-SOURCE INFORMATION-
J O U R N A L " PROCEEDINGS - •
SHIPPING W O R L D AND SHIPBUILDER VOL 165, NO. 3868 (APR 1972)
OTHER I N F O R M A T I O N - -
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FIGHT LNG FIBES WITH F O A M
by
B R O W N , L. E.
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E N T R Y EVAL,
Good/Excel,
-ABSTRACT-
RESOLTS OF THE FIRE TEST P R O G R A H DISCUSSED IN THIS ARTICLE
I N D I C A T E T H A T , W H E N FIGHTING S T E A D Y S T A T E LNG FIRES. 1 . HIGH
Q U A L I T Y HI-EX F O A M PROVIDES A D E Q U A T E CONTROL OF LNG SPILL FIBES ON
L A N D , R E D U C I N G E X T E R N A L R A D I A T I O N EFFECTS T O T H E LEVEL THAT
S U P P L E M E N T A L E X P O S U R E CONTROL PROVISIONS W I L L NOT BE R E Q U I R E D
. B E Y O N D O N E - Q U A R T E R OR M O R E POOL DIAMETERS. 2. THE 500.1 F O A M
E X P A N S I O N RATIO APPEARS S U P E R I O R TO BOTH HIGHER AND L O W E R
EXPANSION RATIOS. 3. HI-EX F O A M SYSTEMS FOR CONTROL OF LARGE LNG
SPILL FIRES R E Q U I R I N G A HIGH DEGREE- OF E X P O S U R E PROTECTION A P P E A R
TO OFFER L A R G E FIRST COST S A V I N G S OVER C O N V E N T I O N A L W A T E R
EXPOSURE-PROTECTION SYSTEMS, O P E R A T I N G COSTS ARE M U C H HIGHER FOR
THE FOAM SYSTEMS. H O W E V E R , DUE TO THE ANTICIPATED LIMITED U S A G E
FOR THESE FOAM SYSTEMS, THE FIRST COST HAY BE THE DECIDING FACTOR
IN CHOOSING THE EXPOSURE C O N T R O L S Y S T E M . U. THE REDUCTION IN
R A D I A T I O N F L U X BY THE WATER C U R T A I N SYSTEM WAS FAR LESS THAN THAT
O B T A I N E D WITH HI-EX F O A M S A P P L I E D TO THE FIBE A R E A . CONSIDERABLY
H I G H E R W A T E R FLOW RATES A N D S U P P L Y P R E S S U R E S W E R E R E Q U I R E D .
-PERTINENT FIGURES-
TAB. 1 S U M M A R Y OF TEST P R O G R A H C O N D U C T E D FOR E V A L U A T I O N OF FIRE
CONTROL CHARACTERISTICS OF H I G H E X P A N S I O N FOAMS ON LNG SPILLS ON
L A N D , P A G E 167// T A B . 2 O U T L I N E OF TEST P R O G R A M CONDUCTED FOR
EVALUATION OF THE FIRE CONTROL CHARACTERISTICS AND VAPOR
SUPPRESSION CAPABILITIES OF HIGH EXPANSION FOAMS. ON LUG SPILLS,
PAGE 169//FIG.1 EFFECTS OF F O A M A P P L I C A T I O N RATE ON LNG FIRE
CONTROL TIME WITH FOAM EXPANSION RATIO AND FOAM B R A N D S AS
PARAMETERS, PAGE 168//FIG.2 EFFECTS OF F O A M E X P A N S I O N RATIO ON
E X T E R N A L RADIATION HEAT FLUX LEVELS WITH FOAM B R A N D AS A
PARAMETER, PAGE 170//FIG.3 C O R R E L A T I O N OF THE HIGH EXPANSION FOAM
FIRE CONTROL TIMES, PAGE 171
-BIBLIOGRAPHY-
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W E S S O N , H . R . , W E L K E R , J . R . , AND B R O W N , L . E . , CONTROL OF LNG SPILL
FIRES WITH HIGH EXPANSION FOAMS, PRESENTED AT 1972 ASME PETROLEUMS
M E C H A N I C A L E N G I N E E R I N G C O N F E R E N C E , NEN ORLEANS, LA. , PAPER NO.
72-PET-46//WALLS,W. L. , LNG, A FIRE DEVICE APPRAISAL, P A R T I, FIRE
J O U R N A L ( J A N U A R Y 1972)
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CORPORATE SOURCE -
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FIGHT LNG SPILL FIHES WITH DRY CHEMICALS
by
B R O W N , L. E.
S L I B P C E V I C H , C. H.
W E L K E R , J . R.








E N T R Y E V A L .
Good/Excel.
-ABSTJ8ACT-
AS A RESULT OF THE E X P E R I M E N T A L T E S T I N G P R O G R A M R E P O R T E D H E B E ,
D A T A H E R E O B T A I N E D O N P O R T A B L E E X T I N G U I S H E R S , HOSE L I N E U N I T S ,
HONITOR N O Z Z L E S AND FIXED S Y S T E M S ON F U L L - S C A L E LNG SPILL FIRES IN
S I M U L A T E D L N G PLANT E Q U I P M E N T A R E A S . V A L U E S F O R T H E M I N I M U M D R Y
C H E M I C A L APPLICATION R A T E AT W H I C H A S T E A D Y S T A T E LNG SPILL FIRE
ON L A N D CAN BE E X T I N G U I S H E D M E R E O B T A I N E D FOR THE A G E N T S TESTED.
IN ADDITION, THE EFFECTS OF A P P L I C A T I O N RATES ABOVE THIS M I N I M U M
ON FIRE E X T I N G U I S H I N G TIMES " W E R E ALSO O B T A I N E D FOR ALL A G E N T S
TESTED. THE EFFECTS OF OBSTRUCTIONS W I T H I N THE ACTIVE FIRE Z O N E ON
R E Q U I R E D E X T I N G U I S H I N G FLOW HATES' AND EXTINGUISHING TIMES W E R E
ALSO E V A L U A T E D .
- P E R T I N E N T FIGURES-
TAB.1 S U M M A R Y OF TEST P R O G R A M C O N D U C T E D FOR E V A L U A T I O N OF FIRE
E X T I N G U I S H I N G CHARACTERISTICS OF DRY C H E M I C A L S ON LNG SPILL F I R E S
ON L A N D , P A G E 237// TAB.2 C O M P A R I S O N OF DRY C H E M I C A L A G E N T
T H R E S H O L D LIMITS FOR THE E X T I N G U I S H M E N T OF E X P O S E D LNG POOL FIRES
W I T H A TOTAL LNG E V A P O R A T I O N R A T E OF NOT M O R E T H A N 0.5 INCHES PER
M I N U T E , PAGE 239//TAB.3 COST E F F E C T I V E N E S S C O M P A R I S O N OF THE
AGENTS USED FOB E X T I N G U I S H M E N T OF A 1200
FIRE AT V A R I O U S FLOW R A T E S , P A G E 2UO//FIG.5
DRY C H E M I C A L A P P L I C A T I O N RATES FOR
SPILL FIRES W I T H DRY C H E M I C A L TYPES AS
P A R A M E T E R S , PAGE 240//FIG.6 EFFECTS OF DRY C H E M I C A L FLOW R A T E ON
THE QUANTITY OF DRY CHEMICAL R E Q U I R E D TO EXTINGUISH A
1200-SQUARE-FOOT LNG SPILL FIRE AT S T E A D Y STATE BOSHING
CONDITIONS, PAGE 240
DIFFERENT DRY CHEMICAL
SQUARE FOOT LNG SPILL
R E C O M M E N D E D M I N I M U M
E X T I N G U I S H M E N T OF LNG
-BIBLIOGRAPHY-
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345
OF LNG SPILL FIRES HITH HIGH EXPANSION FOAHS, PRESENTED AT 1972
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AND V A P O R DISPERSION TESTS, REPORT ON PROJECT IS-3-1 TO AGA BY
UNIVERSITY ENGINEERS, INC. (JULY 1972)
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-ABSTRACT-
THIS REPORT COVERS AN I N C I D E N T W H E R E LNG HAS STRATIFIED IN AN LNG
STORAGE T A N K D U R I N G F I L L I N G A N D H O V f T H A T S T R A T I F I C A T I O N
S U B S E Q U E N T L Y R E S U L T E D IN A R O L L O V E R OF THE T A N K C O N T E N T S AND THE
R E L E A S E OF A L A R G E Q U A N T I T Y OF G A S . A T A N K C O N T A I N I N G A HEEL OF
COOL BUT LIGHT LIQUID WAS F I L L E D FROM THE BOTTOM W I T H W A R H E R BUT
DENSER LIQUID. VAPOR FROM THE W A R M E R LIQUID WAS H E L D DOWN BY THE
L A Y E R OF LESS D E N S E L I Q U I D ABOVE. D U R I N G THE N E X T 18 HOURS THE
DENSITIES EQUALIZED UNTIL A ROLLOVER OCCURRED. T H E N , W I T H THE
V A P O R N O LONGER HELD D O W N , T H E T A N K P R E S S U R E ROSE WITH R A P I D
V E N T I N G AND LOSS OF VAPOR. TO P R E V E N T SUCH AN O C C U R R E N C E . I N THE
F U T U R E , MIXING NOZZLES W f L L BE INSTALLED TO P R E V E N T STRATIFICATION
D U R I N G FILLING OF. .THE T A N K . ONCE A T A N K OF LUG IS W.ELL MIXED, IT
WOULD NOT BE EXPECTED TO S T R A T I F Y N A T U R A L L Y . THIS U N S T A B L E
STRATIFICATION L E A D I N G TO R O L L O V E R HAS THE RESULT OF DIFFERENCES
IN COHPOSITION OF TWO BATCHES OF LNG. SUCH AN EFFECT IS NOT
EXPECTED OF HOMOGENEOUS FLUIDS, LIQUID O X Y G E N OR LIQUID H Y D R O G E N ,
WHICH DO NOT V A R Y IN COMPOSITION.
- P E R T I N E N T FIGURES-
TAB. 1 LNG STORAGE T A N K S - 1 ' A H D ESSO B R E G A CARGO COMPOSITIONS S N A M
LNG TERMINAL, PAGE 37//FIG.3 LNG STORAGE T A N K S-1 L O A D I N G HISTORY
AT S N A H LNG T E R M I N A L , PAGE 38//FIG.4 T E M P E R A T U R E AND DENSITY
PROFILE OF T A N K S-1 AT S N A M LNG T E R M I N A L , PAGE 38//FIG. 5 LNG
STORAGE T A N K S-1 HEAT T R A N S F E R S U M M A R Y PRIOR TO R O L L O V E R , PAGE
39//FIG.6 DENSITY VARIATION PRIOR TO ROLLOVER LNG STORAGE T A N K S-1
S N A H LNG T E R M I N A L , PAGE 39
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A. H. GOLDSTEIN (ERE) IN A U G U S T , SEPTEMBER, 1971//DOHALD, H. B.
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CHEH. ENGHS., 37, 255, (1959)//FOLSOM, R. G. AND FERGUSON, C. K.,
JET MIXING OF TWO LIQUIDS, TRANS. ASME, 71, 73, (1949)//STERBACEK,
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0.5 TO H FEET, CANAD. J. CHEM. ENGR. , «8, 111, (1970)
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-ABSTHACT-
ROLL-OVER IS A T E R M T H A T HAS B E E N U S E D TO D E S C R I B E A P H E N O M E N O N IN
W H I C H A BOTTOM P O R T I O N OF THE L I Q U I D IN A C R Y O G E N I C S T O R A G E T A N K
IS S U P E R H E A T E D , AS A RESULT OF H E A T L E A K , AND T H E N M I G R A T E S
S U D D E N L Y TO THE S U R F A C E A C C O M P A N I E D BY THE E V O L U T I O N OF A L A R G E
Q U A N T I T Y O F VAPOR. STUDIES H A V E S H O W N T H A T R O L L - O V E R C A N N O T O C C U R
I N L A R G E CRYOGEHIC STORAGE T A N K S C O N T A I N I N G N E A R L Y P U R E LIQUIDS.
ROLL-OVER HAS NOT B E E N O B S E R V E D IN C R Y O G E N I C T A N K S THAT H A V E B E E N
USED FOR STORING LNG OF . E S S E N T I A L L Y U N I F O R M COMPOSITION AND
DENSITY, A M M O N I A , LIQUID O X Y G E N , OR LIQUID N I T R O G E N . THE ADDITION
OF LNG OF DIFFERENT DENSITIES TO PARTIALLY FILLED . L N G TANKS CAN
L E A D - TO THE T E M P O R A R Y F O R M A T I O N OF STRATIFIED L A Y E R S . THE
S U B S E Q U E N T M I X I N G OF THESE STRATIFIED L A Y E R S , AS A RESULT OF HEAT
AND MASS T R A N S F E R BETWEEN THE L A Y E R S , LEADS TO C H A N G E S IN
VAPORIZATION RATES. THESE C H A N G E S IN V A P O R I Z A T I O N RATES MAY BE
SMALL AND INSIGNIFICANT FOR M A N Y MODES OF O P E R A T I O N . U N D E R SOME
CONDITIONS, H O W E V E R , THE I N C R E A S E S IN VAPORIZATION RATES HAY BE
L A R G E AND MIGHT L E A D TO 0 V E R P R E S S U R I Z A T I O N OF STORAGE T A N K S . A
M A T H E M A T I C A L MODEL H A S BEEN D E V E L O P E D F O R D E S C R I B I N G T H E PHYSICAL
B E H A V I O R I N S T R A T I F I E D L N G T A N K S A N D T H E R E S U L T S H A V E B E E N STUDIED
TO ESTABLISH G U I D E L I N E S FOR M I N I M I Z I N G THE CHANCES FOR
STRATIFICATION AND FOR MITIGATING THE P R O B L E M S ASSOCIATED WITH
ROLL-OVER. THE VALIDITY OF THE C O M P U T E R C A L C U L A T I O N S HAS BEEN
C O N F I R M E D BY C O M P A R I N G PREDICTIONS AND O B S E R V A T I O N S FOR T H R E E
K N O W N CASES IN W H I C H LNG T A N K S E X P E R I E N C E D S U D D E N INCREASES IN
BOIL-OFF RATES.
-PERTINENT FIGURES-
FIG. 3 BOIL-OFF RATE IH STRATIFIED LNG TANKS, PAGE U1//PIG.6 EFFECT
OF VARIATIONS IN H E A T AHD MASS TRANSFER COEFFICIENTS OH BOIL-OFF
RATE, PAGE 42//FIG.7 EFFECT OF HEIGHT OF INTERMEDIATE LAYER OK
BOIL-OFF RATE, PAGE 43//FIG.8 EFFECT OF INITIAL CHANGE IN
TEMPERATURE BETWEEN LAYERS ON ELAPSED TIME TO REACH P E A K
VAPORIZATION RATES, PAGE 43//FIG.10 EFFECT OF QUANTITY OF HEAVY
LIQUID ON PEAK V A P O R I Z A T I O N RATES, P A G E 4V/FIG.11 EFFECT OF
DEHSITY DIFFERENCES BETWEEN FEED AND T A N K LNG OH PEAK BOIL-OFF
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CHEMICALS, INC. , A L L E N T O W N , PA
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T H E R E H A V E B E E N REPORTS OF S U D D E N V E N T I N G O C C U R R I N G IN TWO OR
T H R E E FLAT BOTTOM L N G T A N K S . I N EACH C A S E A W A R M E R A N D M O R E D E N S E
L I Q U I D HAD BEEN FILLED INTO THE BOTTOM OF THE T A N K AND V E N T I N G
O C C U R R E D BEFORE T H E FILLING R E F R I G E R A T I O N R E Q U I R E M E N T S H A D B E E N
FULFILLED. E V A P O R A T I O N S U S T A I N E D B Y T H E V A P O R W I T H D R A W A L SYSTEM
PROVIDED THE R E F R I G E R A T I O N . DATA A V A I L A B L E FROM THESE
INSTALLATIONS A R E N O T COMPLETE. T A N K T E M P E R A T U R E S , PRESSURES,
H E A T H E R D A T A , AND O P E R A T I N G PROCEDURES PRIOR TO OR D U R I N G THE
SUDD-EN V E N T I N G ARE NOT BELL D O C U M E N T E D . . SOME INVESTIGATORS H A V E
ATTRIBUTED THE T Y P E OF. V E N T I N G ' E N C O U N T E R E D TO A ROLL-OVER
PHENOMENON OCCURRING IN THE. 'STORAGE T A N K . IT IS THE FEELING OF THE
A U T H O R S THAT THE AVAILABLE D A T A DO NOT NECESSARILY L E A D ONE TO
CONCLUDE THAT THE VENTING E N C O U N T E R E D IS THB RESULT OF ROLL-OVER,
BUT R A T H E R THAT IT CAN BE E X P L A I N E D IN TERMS OF THE CONCEPT OF A
THERMAL OVERFILL A L O N G WITH THE PRESENCE OP A S U R F A C E L A Y E R
P H E N O M E N O N . THE CONCEPTS OF ROLL-OVER, T H E R M A L OVERFILL, AND
SURFACE L A Y E R P H E N O M E N O N ARE BRIEFLY DISCUSSED AND THE APPLICATION
OF THESE CONCEPTS TO LNG S T O R A G E T A N K S ARE ILLUSTRATED BY SOME
EXAMPLE SITUATIONS.
- P E R T I N E N T F I G U R E S -
FIG. 1 E X A M P L E OF ROLL-OVER IN A FLAT-BOTTOM LNG T A N K , PAGE
47//FIG.2 EXAMPLE OF ROLL-OVER W I T H T A N K M A I N T A I N E D AT 1 PSIA,
PAGE 47//FIG.3 SURFACE L A Y E R P H E N O M E N O N OF A FLAT-BOTTOM T A N K ,
PAGE 47//FIG.U SURFACE L A Y E R P H E N O M E N O N R E C O R D E D ON THE T A N K
PRESSURE RECORDER, P A G E 47//PIG.5 EXAMPLE OF T H E R M A L OVERFILL IN A
FLAT-BOTTOM T A N K , PAGE 48//FIG.6 T H E R M A L OVERFILL SHOWN BY TANK
PRESSURE, TANK VAPOR W I T H D R A W L RATE, AND REFRIGERATION, PAGE 48
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57-67//CHOBCHHILL, S. W., CHEMICAL ENG. PROG., VOL, 58, NO. 55
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- A B S T R A C T -
THE INTRODUCTION TO LNG FOR P E R S O N N E L SAFETY WAS D E V E L O P E D FOR THE
N A T U R A L GAS INDUSTRY AS A V E H I C L E ON SAFETY AT L I Q U E F I E D N A T U R A L
GAS (LNG) P L A N T S . THE OBJECTIVE IS TO ACQUAINT SAFETY
PROFESSIONALS A N D PLANT OPERATORS W I T H C R Y O G E N I C A N D L N G P L A N T
SAFETY. INCLUDED IN THIS S A F E T Y M A N U A L ARE A DESCRIPTION OF LNG
AND ITS USES, LIQUEFACTION P L A N T S , . A B O V E AND BELOW G R O U N D STORAGE
FACILITIES, V A P O R I Z E R S , G E N E R A L SAFETY IN THE DESIGN, .CONSTRUCTION
AND OPERATION OF LNG> FACILITIES, P E R S O N N E L HAZARDS .RESULTING F R O M
A N L N G SPILL (CRYOGENIC B U R N S , H Y P O X I A ) , PROCEDURES A N D PRACTICES
IN THE EVENT OF A SPILL ( INCLUDES FIRE CONTROL AND PROTECTIVE
E Q U I P M E N T ) A N D INVESTIGATION P R O C E D U R E S I N C L U D I N G I N F O R M A T I O N
RECORDING AND CODES. THE BOOK INCLUDES AND A N N O T A T E D B I B L I O G R A P H Y
OF 45 REFERENCES AND SOME S A F E T Y - R E L A T E D PROPERTIES OF M E T H A N E AND
THE OTHER LOWER H Y D R O C A R B O N S .
- P E R T I N E N T FIGURES-
TAB. 3. 2 APPLICATIONS OF SOME MATERIALS IN LHG P L A N T DESIGN, P A G E
1U// TAB. 3.3 PARTIAL LIST OF S T A N D A R D S APPLICABLE TO DESIGN,
CONSTRUCTION AND OPERATION OF LNG FACILITIES, P A G E 15//TAB.5.1
FOUR STAGES OF A S P H Y X I A WITH PHYSIOLOGICAL SYMPTOMS, PAGE
29//TAB.6.1 B U R E A U OF MINES R E C O M M E N D A T I O N FOR USE OF B R E A T H I N G
APPARATUS IN LOW TEMPERATURE OPERATION, PAGE 33// TAB. SOME USEFUL
I N F O R M A T I O N AND FACTORS FOR M E T H A N E , PAGE 51//TAB. PHYSICAL
CONSTANTS OF M E T H A N E , E T H A N E , P R O P A N E , ISO-BUTANE, N-BUTANE,
ISO-PENTANE, N-PENTANE, AND ETHYLENE, PAGE 52
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ASSOCIATION, STORAGE AND H A N D L I N G LIQUIEFIED N A T U R A L GAS 1971.
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INVESTIGATION, C H E M . E N G . 76, 88-90 (1969) FEB.
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-ABSTRACT-
THE ACCIDENTAL IGNITION AND SUBSEQUENT EXPLOSION OF LARGE
UNCONFINED VAPOR CLOUDS HAS RECENTLY BECOME A PROBLEM OF MAJOR
TO DATE QUANTITATIVE EXPERIMENTAL STUDIES OF SUCH
ARE ESSENTIALLY NON-EXISTENT AND THEREFORE DANGER
AND/OR RISK EVALUATION IS PRESENTLY BASED ON THE
OF A TNT EQUIVALENT FROM THE DAMAGE PATTERNS OF
EXPLOSIONS OF KNOWN SPILL SIZE ASSUMING THAT THE







H O W E V E R , THAT THE BLAST ' H A V E THAT IT P R O D U C E S ARE FAR FROM I D E A L
AND CANNOT BE A P P R O X I M A T E D A D E Q U A T E L Y BY EITHER OF- THE CLASSICAL
SELF SIMILAR SOLUTIONS. A T E C H N I Q U E FOR D E T E R M I N I N G THE E N E R G Y
R E L E A S E R A T E OF U N C O N P I N E D V A P O R CLOUDS EXPLOSIONS IS OUTLINED.
THE TECHNIQUE IS BASED ON THE FINITE A M P L I T U D E ISENTROPIC
ACOUSTICS OF A C E N T E R E D SPHERICAL H A V E AND INVOLVES THE REDUCTION
OF DATA FROM THE T H R E E P R E S S U R E GAUGES W H I C H ARE I N S T R U M E N T I N G THE
EXPLOSION. THE METHOD OF C H A R A C T E R I S T I C S IS U S E D TO BACK CALCULATE
TO AN EFFECTIVE S P H E R I C A L PISTON W H I C H R E P L A C E S THE EXPLOSION TO
ALLOY E N E R G Y R E L E A S E RATES AT THE EXPLOSION SITE TO BE CALCULATED.
- P E R T I N E N T FIGURES-
FIG. 1 G A U G E POSITIONS AS U S E D FOR THE CALCULATION OF THE V I R T U A L
ORIGIN OF THE EXPLOSION, PAGE 308//FIG.2 PRESSURE AS A FUNCTION OF
TIME AND FUNCTIONS DERIVED F R O M IT FOR THE N E A R , IHTERHEDIATE OR
FAR FIELD CASES, PAGE 309// FIG.3 THE R,T PLAHE AND ITS DSE IN
DEVELOPING THE METHODS OF CHARACTERISTICS TECHNIQUE TO DETERMINE
HOW fi VARIES WITH T I M E , PAGE 310
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1968// STREHLOH,R.A. , 1973, UNCONFINED VAPOR CLODD EXPLOSIONS - AN
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COMBUSTION INSTITUTE, PITTSBURGH, P E N N S Y L V A N I A (IN
PRESS)//WOOLFOLK,R. W. , 1971, CORRELATION OF R A T E OF EXPLOSION WITH
SLASH EFFECTS FOR NON-IDEAL EXPLOSIONS, FINAL REPORT, CONTRACT
N00017-69-C-4433, DEPARTMENT OF THE N A V Y , STANFORD R E S E A R C H
INSTITUTE, PROJECT PRU-8056, J A N U A R Y 25, 1971
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An overview is presented on the state-of-the-art of aircraft
ground fire suppression and rescue,. Subjects considered include:
hostile characteristics of liquid .fuel fires, effectiveness of
suppression agents, and fire suppression equipment,, Current
research related to aircraft ground fire suppression and rescue is
identified and future studies are recommended. Only limited data
are available for quantitatively comparing the effectivenesses of
various suppression agents on two-dimensional fires containing
obstacles. Light water and FC-194 are two to three times more
efficient than protein foam in suppressing fires* Recommended
agents for typical aviation ground fire situations based on
pres.ent knowledge as well as those agents which should be
investigated for future use are listed., No .single agent or' agent
combination is recommended . for all fire situations., Improved
response of equipment is in very critical need. Three potential
classes can be considered: t&e helicopter, automotive vehicles
similar to the Ansul experimental Magnum X-2, and the ground
effect machine. None of these provide rapid response and the
ability to locate the crash under all conditions of »eather and
visibility. This ability is almost totally neglected in current
vehicle design.
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Fire extinguishment effectiveness of light water and protein foams
on full-scale fires associated with aircraft accidents was studied
with an MB-5 aircraft fire-rescue vehicle utilizing a
250-gpm-solution-capacity foam pump. Some testing was also done
on an experimental 06X vehicle carrying 2500 Ib. of Purple K and
300 gal. of light water discharging 32 Ib./sec. of Purple K and
180 gpm of light water for comparative purposes. Both foams were
6 percent solutions. An air aspirating nozzle and one using
Refrigerant-12 were used for light foanu Avgas and JP-5 were the~
test fuels. . In all cases, Avgas fires sere more difficult to
central than-JP-5 fires. The margin of superiority of light water
over protein foam was fo<und to be as high as 3 to 1 for control as
determined by radiometer and visual measurements of Avgas fires
and as high a 1.5 to 1 for control of JP-5 fires. The dual-agent
fire fighting concept showed no advantage over the use of light
water alone. The light water solution was as effective when used
with all test equipment,, The small laboratory-scale fires
required three times the application density to extinguish than
the comparable outdoor fires,,
-PERTINENT FIGURES-
FIG, 26 THERMAL RADIATION DURING EXTINGUISHMENT OF SVGAS FIRE BY
HTL RADIOMETER PAGE 32//FIG,, 29 MATER APPLICATION DENSITY REQUIRED
FOR FIRE EXTINGUISHMENT WITH PROTEIN FOAH ON AVGAS AND JP-5 FUEL
PAGE 3U//FIG. 30 WATER APPLICATION DENSITY REQUIRED FOR FIRE
EXTINGUISHMENT HITH LIGHT WATER ON AVGAS AND JP-5 FUELS PAGE
34//FIG. 32 FIRE EXTINGUISHMENT TIME AS A FUNCTION OF APPLICATION
BATE ON AVGAS AND JP-5 PAGE 36//TAB. 2 COMPARATIVE PERFORMANCE OP
AGENTS ON 28 SQ. FT. INDOOR JP-5 AND GASOLINE FIRES PAGE 22// TAB.
5 CONTROL AND EXTINGUISHMENT TIMES FOR LARGE AREA FIRES PAGE 26
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Problems and solutions associated with crash-fire protection at
Los Angeles International Airport are reviewed* Divided
responsibility between the city Fire Department and airport
authorities poses problems,, Other problems relate to airport
size, traffic load, and handling cf flammable fuel. Solutions to
the problems were explored using past experience of military and
civilian airports as guides. National Fire Protection Association
Standards sere studied and found to be inadequate. New fire
extinguishing agents were tested0 Promising results were obtained
from comparative tests using light water, and recommendations were
made for its use in crash protection. Jumbo jets necessitated the
use of bigger and better crash apparatus than were currently in
operation. Use of several units of apparatus with coordinated
teamwork .was recommended., Three new pieces of apparatus were
built and old apparatus modified by replacing 300 gpm turrets with.
600 gpffio Improvements were made and planned for dry chemical
apparatus and structure fire-fighting equipment. Extinguishing
agents in use at present are light water (in emergency
situations), protein foam, Purple K, and other dry chemical
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The 53 references in this bibliography, which are unclassified and
have unlimited distribution, are arranged in AD number sequence.
They are the result of a DDC computer search of materials prepared
between January 1953 and August 1969, and they are included under
one of three topic headings: (1) extinguishers for aircraft,
spacecraft, and ships; (2) chemical extinguishing agents; and (3)
extinguishers and miscellaneous information. Extinguishing agents
covered include foams, powders, inert gases, and water.
Computer-generated indexes covering Corporate Author/Monitoring
Agency, Subject, and AD number are provided. In addition, each
reference includes index terms and an abstract of the document.
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DEFENSE DOCUMENTATION CENTER, ALEXANDRIA, VA.
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This bibliography, Volume ;2 of two volumes, comprises 189
unclassifed references arranged in AD number sequence under one of
four headings: extinguishers for aircraft, spacecraft, and ships;
chemical extinguishing agents; and extinguishers and miscellaneous
information. Computer generated indexes covering Corporate
Author/Honitoring Agency, Subject, and AD number are provided,
The materials cited in this bibliography cover the period January
1953 to August 1969. Some documents in this volume require
release approval from the authority cited. Those in Volume 1 are
unlimited in distribution.
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Experimental fir.es were conducted in three confined areas bounded
by low, firebrick walls. A cylindrical steel tube represented the
aircraft .fuselage, and steel drums at each side represented the
mainplane/nacelle configuration. Tie fuels used were AVTOE (Jet A
or JP-1) and AVTAG {Jet B or JP-4)„ The fire was allowed to burn
freely for about 60 sec, after ignition before application of
light water foam, protein fcam, and fluoricated protein foam. In
comparison with regular protein foam, light water foam was
generally up to twice as effective in controlling major aircraft
fires. Similarly, a fortified protein-based foam was about 25
percent more effective than regular protein foam. light water
was, in" genera/I, found to be proportionately 'more effective than
protein foam in achieving a rapid initial reduction of heat
radiation from the fire, altioagh there were notable exceptions to
this, possibly due to defective exploitation of .its potential*
Cost comparisons of the agents were made along with the overall
cost of fire protection when using the new foams*
-PERTINENT FIGURES-
TAB, 3 PROTEIN FOAM PEBFOBMANCE PAGE 28e.//'ilAB.. U LIGHT KkTEB FOAK
PERFORMANCE PAGES 290-291//FIG. 7 COHPARISON 0? FISE CONTROL USING
LIGHT WATER AND PROTEIN FOAMS PAGE 294
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AIRCRAFT RESCUE AND PIRE FIGHTING 1969, STANDARD OPERATING
PROCEDURES
by
NATIONAL PIRE PROTECTION ASSOCIATION
00/00/69
-ABSTRACT-
These recommendations deal with airport and municipal fire and
rescue services, standard operating procedures designed to provide
maximum effective use of aircraft rescue, and fire fighting
equipment provided at airports. Included is information on
conditions that may exist at the scene of an aircraft accident and
a guide that can be used as a basis for establishing training
programs and operational procedures. The recommendations are
based on the premise that the rescue of aircraft occupants takes
precedence over all ether operations; and, until it is established
that there is no further life hazard, fire suppression is an
important enabling supporting measure. The appendixes deal with
civil aircraft data for fire fighters and rescue crews, aircrew
rescue data for military aircraft, air transport of radioactive
materials and nuclear weapons, civil . aircraft accident
investigation, airport facilities and aids, procedural agreements
with$ the U.S. Air Force and commercial airports, typical
specialized runway foaming equipment, and color coding for
aircraft piping.
-PERTINENT FIGURES-
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Tests were conducted to develop practical active and passive fire
protection measures to contain and extinguish fires within the
Marine Corps Amphibious Assault Fuel Systems (AAFS) equipped with
20,000 gal. bulk fuel storage tanks. The twin agent containing
potassium bicarbonate dry chemical {Purple K) and light water
system was determined best to fulfill the requirements for fuel
iii-depth and pressure/spill fires. A total of 900 Ib. of Purple K
and 200 gal* of light water consisting of two 450/100 skid mounted
units is sufficient to extinguish a 20,000 gal. tank fire. The
proper tank spacing to miniaize fire losses in the AAFS was
determined to be 90 ft. between tank centerlines. Due to the
difficulty ia extinguishing a fire resulting from a catastrophic
capture of a bulk fuel tank, proper tank separation and
containment. of .the initial fire to a single tank is most
important. Successful extinguishment of a fire of this type is
dependent on prompt reaction, well-trained fire fighters, and
sufficient equipment to accomplish the task. Successful
extinguishment of a 20,000 gal. tank fire can best be achieved by
utilizing a total o.f four fire fighters: two per 450/100 unit, one
fire fighter to direct the discharge of the twinned agent, the
second to assist with the hose line and provide a maximum degree
cf mobility,
-PERTINENT FIGURES-
FIG. 1 OPTIHUM AGENT SELECTION PAGE 10
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A number of commercially available and especially modified water
and foam nozzles were examined for their discharge rates, density
of ground patterns, and light water foam output characteristics.
Most work was done under no wiad conditions, although some runs
were made under 30 knot crosswind conditions. Hater spray nozzles
are effective for extinguishing JP-5 fuel fires with light water
solutions even though the quality of foam produced is not as high
as that from conventional foam making nozzles,, The nozzles were
studied as to their suitability for use on hose lines for the
flight and hangar decks and for use as fixed nozzles mounted
around the edge of the flight, deck, pre-set to discharge toward
the center. The best angle of discharge for the deck edge type
nozzles has. been selected.as 10 deg. above .the horizontal. This
represents a compromise between maximum reach of the stream and
excessive losses from windage. A modification for the existing 1
in. solid stream recessed nozzles has been designed to lower their
angle of discharge from U5 deg« to 10 deg. to minimize wind losses
and reduce the flow.
-PERTINENT FIGORES-
FIG. 11 WATER FLOW RATES FOR VARIED FLOW SETTINGS AND VARIED INLET
PRESSURES - ELKHABT 1 1/2 IN. SFL PAGE 31//FIG. 16 GROUND PATTERN
OUTLINES OF 2 1/2 IN. FFF PRODUCED WITH AND WITHOUT SCREEN PAGE
36//FIG. 20 SELECT- 0-FLOW NOZZIE MOUNTED FOR CROSSWIND PATTERN
TEST WITH COLLECTION PAN ARRAY IN BACKGROUND PAGE 40//FIG. 28
LIGHT WATER SOLUTION DENSITIES IN GAL./BIN. FT. SQ. WITHIN GROUND
OF SOLID SIREAH RECESSED (CANNON) NOZZLE; (A) AS PRESENTLY
INSTALLED HITH US DEG. DISCHARGE; (B) AS MODIFIED BY NRL WITH 10
DEG. DISCHARGE PAGE U8//TAB. 1 CANDIDATE NOZZLE DESCRIPTION PAGE
V/TAB. 2 LIGHT WATER FOAM CHARACTERISTICS PAGE 8
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An assessment is made of the fire and explosion dangers aboard an
aircraft carrier equipped with large amounts of aircraft fuel, jet
fuel, and ordnance. The lack of space compounds the problem of
sheer volume of flammable and explosive material. A small
uncontrolled incident has the potential of becoming a definite
hazard and even a tragedy similar to incidents afooard the USS
Oriskany, the OSS Forrestal, and the OSS Enterprise* High
performance jet aircraft are another serious hazard,, Partial
answers to minimizing these hazards are suggested which make use
of the fire fighting ability of light water and Purple K and the
design of systems to incorporate these extinguishants for carrier
use. Training of crew personnel is also required,, However, the
reduction of accidents depends on design for safety i.e,, overall
improvement of aircraft carriers as a total weapons system,
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LIGHT WATER PASSES EMERGENCY F I R E TEST
-ABSTRACT-
Fire crews at Mlramar Naval Air Station, California, controlled a
fuel depot fire in kS sec. with light water. Although the fire
was fed by thousands of gallons of jet fuel, It was completely
secured 3 min. after the i n i t i a l alarm was received. Ignition
occurred near the fuel surface inside one of two tank trailers
containing gaseous vapors from a previous load. Cause of the fire
was presumed to be a static arc discharging from a metallic
sampling apparatus to the fuel f i l l pipe. The resulting fire was
fed by jet fuel cascading over one of the tank trailers onto the
ground at 225 gpm causing the trailer's aluminum body to melt.
Pre-burn, prior to the arrival of fire fighting rigs, was
estimated to be about 90 sec. In s i m i l a r incidents related to
switch load!ng,.entI re fueling facilities and all shipping units
were destroyed. In this case, extinguishment was so rapid that
the rubber tires on the tank trailer unit which were involved did
not explode. The resulting damage was confined to one of four
fueling facilities/ specifically the fuel piping filters and
structural beams made of aluminum.
-PERTINENT FIGURESr ' •
FIG. 1 FIREMEN APPLYING LIGHT WATER TO TRAILER TANK AT THE FUEL
DEPOT PAGE 37//FIG. 2 TIRES WERE INTACT ALTHOUGH THE SIDE OF THE
TANKER MELTED PAGE 38
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An evaluation of the technical feasibility of employing aqueous
foams containing film-forming fluorosurfactants to control
aircraft fuel fires in old and new hangars showed that their
potential for upgrading sprinkler systems in older hangars
protected by the standard sprinkler (SS.) or the old style
sprinkler (OSS) is promising* Tests were made by burning 900 sg.
ft. of JP-4, Foam/Water (F/H) „ SS,; and OSS nozzles were tested at
densities (gal./min. per sg« ft«) of 0,20 and 0.16 (F/W), 0« 16 and
O.~125 <SS), and 0.20 (OSS) « The most rapid control *as achieved
in 105 sec. using an SS system at a density of 0.16. An SS
system is 1.3 to 1.6 tines as effective on a time basis in
achieving extinguishment as an F/W system. The fluorosurfactant
foam and a protein foam in 6 percent water solution were compared.
Bates of advance were slightly better for the former agent.- No
significant difference between the two agents was observed in
burnback resistance. Fluorosurfactant based foam is approximately
equivalent to protein foam in achieving control and extinguishment
when discharged through an F/W system, but the fluorosurfactant
foam, when discharged through an SS system, appears to be superior
to the protein foam discharged through an F/H deluge system.
-PERTINENT FIGURES-
FIG. 1 FREQUENCY Of PERFCBMANCE RATIOS OF LIGHT WATER TO PBOTEIN
FOAMS IN 90 PEBCENT FIBE CONTBOL PAGE 6//FIG« 2 FBEQUENCY OF
PERFOBMANCE BATIOS OF LIGHT 1ATEB TO PBOTEIN FOAMS IN FIBE
EXTINGUISHMENT PAGE 7//FIG. 7 BUBNBACK BESISTANCE OF 6 PEBCENT
LIGHT HATER AND PBOTEIN FOAMS GENERATED BY A GBINNELL F/H HEAD
PAGE 22//TAB. 1 25 PEBCENT DBAINAGE TIMES OF 6 PEBCENT LIGHT WATER
FOAMS PAGE 17//TAB. 3 GENEBAL DELUGE SYSTEM TESTS AND OBSERVATIONS
PAGE 29//TAB. 4 RADIOMETER AND THERMOCOUPLE DATA PAGE 30
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FLAMMABILITY PROPERTIES OP JET FUELS AND TECHNIQUES FOR





Because of the large quantity and dispersed storage of fuel
onboard aircraft under combat environment conditions, a high
probability exists that gunfire hits will occur in fuel areas with
consequent damaging effects of fire, explosion, and/or fuel
depletion.. Results of investigative efforts to establish the
practical flammability envelopes and associated combustion damage
potential for conventional jet fuels such as JP-4, JP-8 {similar
to JET A-1), and JP-5 under simulated hostile operating
environment conditions are presented,, Testing included
liquid-space gunfire hits to assess external fire hazard and
vertical (liquid to vapor) firing trajectories to determine
explosion hazard associated witl projectile-induced fuel sprays
and mists. All tests were performed in instruoen-ted replica
target tanks varying in volume.from 15 to 90 gal. Principal test
'variables were fuel temperature, pressure, fuel depth, external
void space, and internal and external air flow. All tests were
conducted utilizing 0.50 caliber armor piercing incendiary
projectiles. These tests indicate a considerable extension in the
flammability range cf all fuels compared to the equilibrium
flammability limit values which are commonly utilized for fire
safety analysis* Recent progress in the use of reticulated
polyurethane foam, halogenated hydrocarbon chemical
extinguishants, and other fuel-tank inerting techniques are
reviewed.
-PERTINENT FIGURES-
FIG. 3 EXTENDED LEAN FLAMHABILITY (SLOSHING AT 17 CPB AND 1 ATH,
INITIAL ULLAGE PRESSURE) PAGE 13-9//FIG. 6 EXPLOSION HAZARD UNDER
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DEPTH) PAGE 13-10//FIG. 10 TYPICAL PRESSUBE-TIME PROFILES FOB
JP-4, ,JP-8, AND JP-5 GUNFIRE INDUCED REACTIONS
PRESSURE, 70 DEG. F* , 90 GAL. TANK, 4 IN. FUEL
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A description of a new fire extinguishing system for aircraft is
given, which uses the exhaust gases of a solid propellant gas
generator to pressurize the extinguisher bottle. The
extinguishing efficiency of this hot bottle system is compared
with that of the extinguishing system in present use. Both
systems use halons as fire extinguishing agents. Quantitative
values were obtained on the mass flow rates of extinguishant which
are necessary for both systems to extinguish a flame under
realistic conditions. With the hot bottle system the agent is
again stored in a container which, however, is pressurized only
during the time of discharge. The gas necessary for the discharge
is produced by the combustion of a solid fuel which is contained
in a small burning chamber situated at -the tip of the hot bottle.,
In conclusion, it. was - stated that using a hot bottle system
instead' of. the conventional extinguishing system used today would
reduce the weight of the extinguishant needed to extinguish a fire
by 20 percent. It is also believed that since the extinguishant
is stored at low pressure the equipment weight can also be reduced
by adapting the hardware to the special demands of the hot bottle
system,, A comparison of the extinguishing efficiency of halons
and dry powders for fuel fires was carried out in a 4 sq. m. test
pan,
-PEBTINENT FIGOHES-
FIG. 2 SCHEMATIC OF. THE HOT BOTTLE PAGE 18-7//FIG. H INFLUEUCE OF
BASS FLOW BATE ON THE EXTINGUISHING EFFECT OF THE HOT BOTTLE
SYSTEM, WHEN CABBON TETBACHLOBIDE IS USED AS AN AGENT PAGE
18-8//FIG. 6 MASS FLOW OF AGENT TO ACHIEVE EXTINGUISHMENT FOB
DIFFEBENT AGENTS WHEN DISCHABGED WITH THE HOT BOTTLE SYSTEfl AND
THE NOBHAL FIRE EXTINGUISHING SYSTEM PAGE 18-9//FIG. 8
EXTINGUISHING EFFICIENCY OF PYBOLYSED AND HOT PYBOLYSED
BBOMOCHLOBOMETHANE PAGE 18-9//FIG. 9 AMOUNT OF AGENT PEB SQ. M.
NEEDED TO EXTINGUISH A FIBE IN A 4 SQ. M. TEST PAN PAGE
18-10//FIG. 10 PBEVENTION OF BEIGNITION INITIATED BY A HOT SIDE
HALL BY HALONS PAGE 18-10
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FLAHS, VOL. 14, 85-96, 1970
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Tests were conducted t.o evaluate the effectiveness of various
foaming agents on large scale JP-4 fires. In general, the foaming
agents tested were comparable in terms of initial extinguishing
capability; those used were protein foam (Tutogen T), synthetic
base foam (Hi-Ex), a mixture of Hi-Ex and a halide (Fluobrene
B-2), and light water* In general there »as no significant
difference in the time required for initial fire extinguishing for
any of the four .foams. The addition of Fluobrene, however,
prevented reignition. Separate demonstrations of Fluobrene,, which
are discussed in an addendum, were spectacular, in that jet engine
and spillage fires were extinguished practically instantaneously.
The relatively high wind velocities encountered during the second
.day of testing were comparable to those experienced on the flight
deck of a carrier underway. These tests, therefore^ confirmed the
capabilities of the agents fo'r flight deck- conditions. It was
concluded that synthetic foam, when combined 'with Fluoisrene,
provided significant additional control of reignitioa on large
scale fuel fires. It was recommended that Fluobrene be compared
with such products as Purple K and other chemical extinguishers,
both as a single agent and in combination with light water foam.
»
-PERTINENT FIGURES-
FIG. 1 EQUIPMENT LAY-OUT FOR TESTING DIELECTRIC STRENGTH PAGE 6
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Evaluations of fire fighters' proximity clothing revealed the
following deficiencies: excessive weight and bulk of suits which
decrease efficient functioning of personnel,, coats too long, lack
of durability of the sniit material, poor ventilation, lack of
hard-hat protection, and less than optimum visibility.; Another
area of concern was ti»e lack of communication between the fire
control coordinator and the fire fighters. The fire fighting
operations in an aircraft crash are directed at preventing the
spread of fire to the fuselage or fuel tanks, extinguishing the
fire, and concurrently rescuing or assisting in the evacuation, of
occupants. The fire fighters need a suit of protective clothing
of modern design to reduce total weight and to avoid loose
flapping items. The hoods should cover and head and neck, possess
hard-hat skull protection, and provide optimum visibility while
self-contained breathing equipment is being .worn. Overall, the
protective clothing, excluding the boots, should not weigh more
than 10 lb. per suit, sic-old afford' adequate protection for at
least 18 months of service life, and must provide a combination of
noncoabustibility and heat reflectance so that, the wearer is
protected against 1800 degu P., radiated heat for at least 2 isin«,
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OPERATIONAL TEST AND EVALUATION OF SIRE RESISTANT FLIGHT
COVERALLS* CWU-20/P. FINAL REPORT
by
• K A S S O N , H , D o
07/07/70
- A B S T R A C T -
A total of 83 summer flight coveralls made from polybenzimidazole
(FBI)
 p a. fiber which is highly flame resistant? were tested for a
5 month period by aircrew members while participating in regularly
scheduled missions., Data were collected by the use of monthly
questionnaires and a final guestionnarie on the subjects of
comforte acceptability, and compatibility of the PBI summer flight
suit while performing aircrew duties,. Seventy-one percent of the
test subjects recommended adopting the coverall as a replacement
item for other coveralls in use0 However/ the majority of the test
participants also recommended that, an entirely new flight suit be
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TESTS WERE PERFORMED WHICH DEMONSTRATED THE EFFECTIVENESS OF
MONNEX, A NEW DRY POWCZR FIRE EXTINGUISHING AGENT, IN
EXTINGUISHING FUEL FIRES, UNLIKI . POTASSIUM OXALATE, WHICH IS
HIGHLY TOXIC,, MONNEX IS NCN-TCXIC, IT READILY DECOMPOSES IN A
FLAME PRODUCING SUE-KICRON PARTICLES WHICH QUICKLY KNOCK DOWN THE
FLAME* POOL FIRES WERE USED TO MEASDRE ' THE DISCHARGE RATE FOR
MONNEX IN EXTINGUISHING CERTAIN SIZES OF FIRES. RESULTS SHOWED
THAT MONNEX HAS A CRITICAL RATE OF APPLICATION ABODT 10 TIMES
LOWER THAN THAT OF SODIUM BICARBONATE, A WIDELY-DSED FIRE
EXTINGUISHING AGENTc TESTS WERE ALSO PERFORMED TO MEASURE THE
EFFECTIVENESS OF MONNEX IN EXTINGUISHING. FIRES IN .WHICH THE FUEL
IS IN MOTION„ SUCH A£ GAS LEAKING FROM A PIPE FLANGE. WHILE THE
•SODIUM BICARBONATE EXTINGUISHER COULD RARELY EXTINGUISH THE FIRE,
THE MONNEX EXTINGUISHER QUICKLY EXTINGUISHED T'HE FIRE "WITH
.COMPARATIVELY SMALL AMOUNTS CF POWDER. IT WAS FOUND THAT MONNEX IS
COMPATIBLE WITH PROTEIN FOAM,, WHICH BAKES- IT USEFUL IN AIRCRAFT
CRASH FIJJESo TESTS SHOWED THAT POWDER APPLIED ON TOP OF A BLANKET
OF FOAM FORMED AN EXTINGDISHANT »HICH EFFECTIVELY CONTAINED AND
EXTINGUISHED THE TEST FIRES* IT WAS ALSO FOUND THAT I50NNEX HAS
GOOD STORAGE STABILITY^, RETAINING ITS EFFECTIVENESS EVEN AFTER 6
MONTHS* .
-PERTINENT FIGURES-
FIG c 5 APPLICATION RATE EXPERIMENTS WITH MONNEX ANE SODIUM
BICARBONATE POWDERS ON 800 AND 1200 SQ. FTc FIRES PAGE 61
-SOURCE INFORMATION-
CORPORATE SOURCE -
IMPERIAL CHEMICAL INDUSTRIES LTD*f BIRMINGHAM (ENGLAND).
JOURNAL PROCEEDINGS =
FIRE INT,, VOLo 3, NO« 23, 57-63 (1970)
OTHER INFORMATION -
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FOAM GENEBATOE FOR AIECEAFT FIRE CONTBOL
by
NASH, PC
FIITES, D » W o
03/26/65
-ABSTRACT" .
A GAS-TURBINE-OPERATED FOAM GENERATOR- HAS BEEN DEVELOPED TO GIVE A
RANGE OF PHYSICAL PROPERTIES AND APPLICATION RATES OF fOAM, THE
PHYSICAL PROPERTIES WHICH ARE IMPORTANT TO THE EFFECTIVENESS OF
FOAM ARE: (1) FOAM EXPANSION, WHICH IS THE RATIO OF THE VOL. OF
FOAM TO THAT OF THE AQUEOUS SOLUTION FROM WHICH IT IS PRODUCED;
(2) CRITICAL SHEAR STRESS,. WHICH IS THE STIFFNESS OF THE FOAM,
CONTROLLED BY THE ENERGY SUPPLIED IN FORMING THE BOBBLE STRUCTURE;
(3) QUARTER DRAINAGE TIME, A MEASURE OF FOAM STABILITY; AND (4)
APPLICATION RATE, EXPRESSED IN TERMS OF GALLONS OF FOAMING
SOLUTION PEB HIN. PEB UNIT AREA OF FIRE* FIHE TESTS WERE CONDUCTED
WITH SIMULATED AIRCRAFT FIRES IN ORDEB TO DEMONSTRATE THE
PERFORHANACE OF THE FOAM GENERATOR. IN THE TESTS, THE CONTBOL TIME
WAS MEASURED AS THE TIME UNTIL THE INTENSITY OF HEAT IADIAIION
EfiOM THE FIRE HAS REDUCED 1C ONE-TENTH OF ITS' INITIAL VALUE AT .THE
SIABT OF FOAM APPLICATION, IT HAS FOUND THAT THE FOAM GENERATOR
PROVIDES FLEXIBILITY IN SUPPRESSING AIBCBAFT FUEL FIfiES. THE
EQUIPMENT COULD BE USED, FOR EXAMPLE, IN HELICOPTERS SHICH COULD
FLY STBAIGHT TO THE SCENE OF A CRASH AND USE AN AIB-BL££B SYSTEM
FROM THEIR GAS-TURBINE DRIVING UNITS FOB FOAM-MAKING „
-PERTINENT FIGUBES-
FIG. 1 DIAGRAMMATIC A8RANGEHENT CF FOAM GENERATOR PAGE 537
-BIBLIOGRAPHY-
NASH, P*: HESCENT RESEARCH ON FOAM IN THE UNITED KINGEOM. QUART
INST. *IBE ENG.,, VQU 21, NO. 41, 14-33, 1961
-SOURCE
COBPOBATE SOUBCE -
JOINT *I8E RESEARCH OBGANI2AT JON, BOBEHAM HOOD (ENGLAND) <,
JOURNAL PBOCEE8INGS -
THE EJISJH1EB, VQU 219, NO- 5696, 537-538 (MABc 26, 1965)
OTHEB INFOfiUATION -
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FIRE AND EXPLOSION H A Z A R D S F R O M SPILLS I N V O L V I N G LIQUID
H Y D R O G E N AND O T H E R FLAMMABLE FLUIDS
by
V A N D O L A H , B . H .
06/00/64
S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y E V A L .
U/Unrestricted Unl imited S u m m a r y Good/Excel.
- A B S T R A C T -
THIS P A P E R PRESENTS A FEW HIGHLIGHTS FROM T H R E E R A T H E R E X T E N S I V E
P R O G R A M S O N T H E FIRE A N D E X P L O S I O N H A Z A R D S O F T W O C R Y O G E N I C FUELS,
LIQUID H Y D R O G E N AND LNG . TWO TYPES OF H A Z A R D S EXIST, ONE
ASSOCIATED WITH THE F I R E B A L L THAT OCCURS AFTER FLASH E V A P O R A T I O N
AND IGNITION, THE OTHER HITH POOL FIRES. POOL FIRES I N V O L V I N G
THESE FUELS ARE NOT V E R Y M U C H DIFFERENT T H A N THOSE I N V O L V I N G
N O R M A L F U E L S . E X C E P T FOR P R O B L E M S OF E X T I N G U I S H M E N T . BECAUSE OF THE
VERY R E A D Y E A S E O F IGNITION A N D T H E A L W A Y S - P R E S E N T F L A M M A B L E
M I X T U R E S , H Y D R O G E N POOL FIRES SHOULD BE A L L O W E D TO B U R N OUT. THE
FIREBALL H A Z A R D I S MOR-E U N I Q U E T O C R Y O G E N I C FUELS ALTHOUGH . A
FIREBALL CAN D E V E L O P UPON I G N I T I O N A F T E R R U P T U R E OF T A N K S
C O N T A I N I N G FUELS U N D E R P R E S S U R E ( L I Q U E F I E D P E T R O L E U M GAS) . THE
M A J O R C O N S E Q U E N C E OF A F I R E B A L L IS U S U A L L Y T H E R M A L R A D I A T I O N BUT
WITH SOME C O N F I N E M E N T S E V E R E BLAST PRESSURES MAY OCCUR. SOME OF
THE SPECIFIC TOPICS DISCUSSED IN THE P A P E R ARE V A P O R I Z A T I O N RATES,
V A P O R D I S P E R S I O N , C O M B U S T I O N A B O V E LIQUID POOLS AND IN VAPOE
CLOUDS, R A D I A T I O N F R O M F L A M E S EFFECTS O F C O N F I N E M E N T A N D
E X T I N G U I S H M E N T .
- P E R T I N E N T FIGURES-
FIG. 1 R A T E OF V A P O R I Z A T I O N OF L I Q U I D H Y D R O G E N POURED ONTO W A R M
P A R A F F I N W I T H I N A 2 .8 I N C H D I A M E T E R D E W A R , P A G E 3//FIG.2 EXTENT OF
T H E F L A M M A B L E M I X T U R E S A N D H E I G H T O F T H E VISIBLE CLOUD F O R M E D
AFTER THE R A P I D SPILLAGE OF 3 LITERS OF L I Q U I D H Y D R O G E N ON A DRY
M A C A D A M S U R F A C E IN A Q U I E S C E N T AIR A T M O S P H E R E AT 59 D E G R E E S F,
P A G E 5//FIG.3 L A Y E R I N G AND D I S P E R S I O N OF M E T H A N E , PAGE 7//FIG. 4
E X T E N T O F F L A M M A B L E Z O N E A B O V E D O W N W I N D D I K E FOLLOWING SPILLAGE O F
L N G , P A G E 8//FIG.7 M A X I M U M V E R T I C A L CROSS SECTIONS OF FLAMES
P R O D U C E D AT V A R I O U S T I M E I N T E R V A L S F O L L O W I N G SPILLAGE OF 89 LITERS
O F L I Q U I D H Y D R O G E N O N A G R A V E L S U R F A C E , P A G E 11//FIG.9 V A R I A T I O N
IN D I S T A N C E FOR 2 CALORIES PER S Q U A R E C E N T I M E T E R HITH M A S S OF
L I Q U I D H Y D R O G E N , P A G E 13
- B I B L I O G R A P H Y -
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Z A B E T A K I S , H . G . A N D B U R G E S S , D . , R E S E A R C H O N T H E H A Z A R D S ASSOCIATED
WITH THE PRODUCTION AND H A N D L I N G OF LIQUID H Y D R O G E N . B U R E A U OF
MINES REPT. OF INVESTIGATIONS 5707, 1961, 50 PP. / /BURGESS,D. AND
Z A B E T A K I S , H . G . , FIRE A N D E X P L O S I O N H A Z A R D S ASSOCIATED HITH
L I Q U I F I E D N A T U R A L GAS. B U R E A U OF f l IN ES REPT. OF I N V E S T I G A T I O N S
6099, 1962, 33 PP . / /ZA3ETAKI S, M.G . , F U R N O , A . L . AND P E R L E E , H . E . ,
H A Z A R D S I N USING LIQUID H Y D R O G E N I N B U B B L E C H A M B E R S . B U R E A U O F
M I N E S REPT. OF I N V E S T I G A T I O N S 6309, 1963
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
B U R E A U OF M I N E S , PITTSBURGH, PA.
J O U R N A L PROCEEDINGS -
AEC SAFETY A N D . F I R E P R O T E C T I O N BULL. NO. 9 ( JUN
1964)//SOCIETY OF FIRE PROTECTION E N G I N E E R S , C R Y O G E N I C
STORAGE A N D H A N D L I N G O F H Y D R O G E N A N D N A T U R A L G A S
OTHER I N F O R M A T I O N -
0019 P A G E S , 0011 F I G U R E S , 0003 T A B L E S , 0003 R E F E R E N C E S
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P R E L I M I N A R Y STAFF REPORT ON INVESTIGATION OF DISASTER AT
TEXAS EASTERN TRANSMISSION CORPORATION LNG STORAGE T A N K ON
STATEN ISLAND, BOROUGH OP R I C H M O N D , NEW YORK CITY, NEW YORK
FEBRUARY 10, 1973
-ABSTRACT-
ON F E B R U A R Y 10, 1973, AT A P P R O X I M A T E L Y 1.05 P .M. , A FIRE OF
U N K N O W N O R I G I N BROKE OUT IN THE LNG S T O R A G E T A N K OF TEXAS EASTERN
T R A N S M I S S I O N CORPORATION, LOCATED IN THE BLOOMFIELD SECTION OF
STATEN ISLAND, NEW YORK. THE FIRE RESULTED IN THE DEATH OF HO
M E N , W H O A T T H E T I M E W E R E C A R R Y I N G O U T R E P A I R S WITHIN T H E T A N K .
PHYSICAL D A M A G E I N C L U D E D THE COMPLETE DESTRUCTION OF THE I N T E R N A L
C O M P O N E N T S OF THE T A N K , THE D O M E AND ASSOCIATED P I P I N G , THE FIRE
F I G H T I N G A P P A R A T U S A L O N G THE EDGE OF THE D O M E , AND S U B S T A N T I A L
D A M A G E TO THE R O A D W A Y E N C I R C L I N G THE TOP OF THE T A N K . TWO MEN
W O R K I N G O N I N T E R N A L SCAFFOLDING , A N D O N E M A N N E A R T H E T O P O F T H E
T A N K S U R V I V E D THE DISASTER. THE SPECIFIC SOURCE AND CAUSE OF
IGNITION OF THE FIRE HAS NOT BEEN D E T E R M I N E D BUT THE U R E T H A H E
I N S U L A T I O N A N D L A M I N A T E D LINER THAT C O V E R E D T H E I N T E R N A L WALLS A N D
FLOOR OF THE TANK FUELED THE FIRE UNTIL E A R L Y THE FOLLOWING D A Y .
INVESTIGATIONS W E R E INSTITUTED BY V A R I O U S D E P A R T M E N T S OF THE CITY
OF NEW YORK, THE U.S. D E P A R T M E N T OF LABOR, TEXAS E A S T E R N
T R A N S M I S S I O N CORPORATION AND OTHER PUBLIC AND PRIVATE AGENCIES AS
W E L L AS THE FEDERAL POWER COMMISSION. T H R O U G H L A T E - J U N E 1973, THE
DATE OF THIS ' REPORT, NO FINDINGS H A V E BEEN ISSUED BY ANY OF THE
INVESTIGATORY BODIES AS TO TH'E C A U S E OF THIS INCIDENT. THIS REPORT
H A S B E E N P R E P A R E D T O P R O V I D E B A C K G R O U N D I N F O R M A T I O N O N T E X A S
E A S T E R N S STATEN I S L A N D T E R M I N A L I N C L U D I N G THOSE ACTIONS T A K E N BY
THE FPC IN ITS A U T H O R I Z A T I O N AND TO D E T A I L THE PURPOSE, SCOPE AND
STATUS OF THE FPC STAFF I N V E S T I G A T I O N OF THE F E B R U A R Y 10 DISASTER.
THE A U T H O R S FEEL T H A T THE FPC I N V E S T I G A T I O N HAS H A M P E R E D BY THE
LACK OF COOPERATION ON THE P A R T OF OTHER G O V E R N M E N T AGENCIES.
- P E R T I N E N T FIGURES-
PHOTO. 1 A E R I A L V I E W OF LNG T A N K A F T E R FEB 10, 1973 I N C I D E N T ,
A P P E N D I X E// PHOTO. 2 V I E W OF N O R T H W E S T SIDE OF T A N K , APPENDI-X
E//PHOT0.3 V I E W OF W E S T SIDE OF T A N K , A P P E N D I X E/ /PHOTO.U V I E W OF
N O R T H END OF T A N K , A P P E N D I X E
-SOURCE I N F O R M A T I O N -
CORPORATE SOURCE -
F E D E R A L POWER COMMISSION, W A S H I N G T O N , D.C. B U R E A U OF N A T U R A L
GAS
OTHER I N F O R M A T I O N -
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THIS M O N O G R A P H W A S P R E P A R E D I N A N E F F O R T T O P R E S E N T I N CONCISE
F O H H T H E PRINCIPLES O F SAFETY T H A T A R E A P P L I C A B L E T O T H E FIELD O F
C R Y O G E N I C S . T H U S , W H I L E I T INCLUDES SAFETY R U L E S , D E S I G N D A T A ,
FIRST-AID A N D H A Z A R D C O N T R O L P R O C E D U R E S , E M P H A S I S H A S B E E N PLACED
ON BASIC PRINCIPLES. AN A P P R E C I A T I O N OF T H E S E P R I N C I P L E S P E R M I T S
AN I N D I V I D U A L TO C O N D U C T A S A F E O P E R A T I O N U N D E R A H I D E R V A R I E T Y OF
CONDITIONS T H A N IS POSSIBLE IF HE IS F A M I L I A R O N L Y WITH A LIST OF
SAFETY R U L E S . A L T H O U G H S U C H R U L E S A R E U S E F U L , T H E R E I S N O
G U A R A N T E E T H A T A C O M P L E T E SET CAN E V E R BE A S S E M B L E D IN ANY
P A R T I C U L A R CASE. FOR THIS R E A S O N , G R E A T E R E M P H A S I S HAS BEEN
PLACED 9N THE F U N D A M E N T A L S T H A T ON THE APPLICATIONS. AT THE S A M E
TIME, . AN E X T E N S I V E , A L T H O U G H BY -NO M E A N S E X H A U S T I V E , SET OF
R E F E R E N C E S HAS BEEN P R E P A R E D FOR USE BY THOSE WHO WISH TO D E L V E
INTO A P A R T I C U L A R PRINCIPLE OR A P P L I C A T I O N IN G R E A T E R DETAIL, A
S E P A R A T E M O N O G R A P H COULD BE P R E P A R E D ON EACH TOPIC C O N S I D E R E D
HERE-SUCH M O N O G R A P H S ABE A V A I L A B L E IN M A N Y CASES. IT HAS BEEN
A S S U M E D THAT T H E R E A D E R I S F A M I L I A R W I T H T H E G E N E R A L S A F E T Y
P R O C E D U R E S USED I N O R D I N A R Y L A B O R A T O R Y A N D PLANT OPERATIONS. W H E R E
T H E S E A R E A P P L I C A B L E T O A P A R T I C U L A R L O W - T E M P E R A T U R E O P E R A T I O N ,
T H E Y ARE R E V I E W E D B R I E F L Y , OR THE R E A D E R IS R E F E R R E D TO A SPECIFIC
TEXT OH J O U R N A L A R T I C L E FOR A D E T A I L E D T R E A T M E N T .
- P E R T I N E N T FIGURES-
FIG. 3 H Y D R O G E N C O N C E N T R A T I O N IN A I R , P A G E 9//FIG.4 EFFECTS OF
C A R B O N M O N O X I D E O N T H E H U M A N B O D Y , PAGE 10//FIG.5 V A P O R PRESSURES
OF C R Y O G E N I C FLUIDS, PAGE 1U//FIG.6 DENSITY OF H E L I U M , PAGE
16//FIG.7 COMPRESSIBILITY FACTOR CHART FOR N - H Y D R O G E N , PAGE
17//FIG.8 G E N E R A L I Z E D COMPRESSIBILITY FACTOR C H A R T , P A G E 17
-BIBLIOGBAPHY-
R. L A N D A U AND R. R O S E N , I N D U S T R I A L H A N D L I N G OF F L U O R I N E , IND. ENG.
C H E M . , 39.281, 19U7//THE HANDLING AND STORAGE OF^ LIQUID
PROPELLANTS, OFFICE OF THE DIRECTOR OF DEFENSE RESEARCH AND
E N G I N E E R I N G , U.S. G O V E R N M E N T P R I N T I N G OFFICE, W A S H I N G T O N , D. C. ,
1963, PP. 95-108//HYGIENIC GUIDE SERIES, FLUORINE, A M E R I C A N
385
INDUSTRIAL HYGIENE ASSOCIATION, DETROIT, 1956, 2 PP//HYGIENIC
GUIDE SERIES, OZONE, AMERICAN INDUSTRIAL HYGIENE ASSOCIATION,
DETROIT, 1957, 2 PP //EMMANUEL M. ROTH, SPACE-CABIN ATHOSPHERES,
PART I, OXYGEN TOXICITY, NASA SP-47, U.S. GOVERNMENT PRINTING
OFFICE, WASHINGTON, D.C., 1964, 51 PP//W. G. BIGELOH, H. T.
MUSTARD, AND J. G. EVANS, SOME PHYSIOLOGIC CONCEPTS OF HYPOTHERMIA
AND THEIR APPLICATIONS TO CARDIAC SURGERY, JOURNAL OF THORACIC
SURGERY, 28, U63, 195U
-SOURCE INFORMATION-
CORPORATE SOURCE -
BUREAU OF MINES, PITTSBURGH, PA.
PUBLISHER -
PLENUM PRESS, NEW YORK
OTHER INFORMATION -
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INSTALLATION OF LIQUEFIED NATURAL GAS FUEL CONTAINERS AND
SYSTEMS ON MOTOR VEHICLES
by
J O H N S O N , R . K .
00/00/73
SECURITY CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Un restricted Unlimited Suomary Acceptable
- A B S T R A C T -
THIS A R T I C L E O U T L I N E S THE P R O C E D U R E S FOR THE I N S T A L L A T I O N OF A
L I Q U E F I E D N A T U R A L GAS ( L N G ) S Y S T E M ON A MOTOR VEHICLE. E M P H A S I S IS
PLACED O N SAFETY D E V I C E S R E Q U I R E D I N T H E SYSTEM T O M I N I M I Z E T H E
H A Z A R D S O F L N G W H E N U S E D A S A M A U T O FUEL. THESE INCLUDE C O N T A I N E R
IDENTIFICATION, V E N T I N G D E V I C E S , SHUTOFF V A L V E S , ELECTRICAL
EQUIPMENT PRECAUTIONS A N D R O A D C L E A R A N C E S .
-BIBLIOGRAPHY-
C A L I F O R N I A . A D M I N I S T R A T I V E C O D E , TI-TLE 13, SUB' CHAPTER U, ARTICLE 2'
-SOURCE I N F O R M A T I O N -
COHPOBATE SOURCE -
CALIFORNIA H I G H W A Y PATROL, S A C R A M E N T O
REPORT N U M B E R -
A S T M STP 537
J O U R N A L PROCEEDINGS -
C R Y O G E N S A N D GASES. T E S T I N G METHODS A N D S T A N D A R D S
DEVELOPMENT, 12-6 (1973) ( S Y M P . PRES. AT THE A M E R I C A N SOCIETY
FOR TESTING AND M A T E R I A L S A N N U A L MEETING, 75TH, LOS A N G E L E S ,
CALIF. , JUN 25-30, 1972)
OTHER I N F O R M A T I O N -
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SENSITIVITY AND REACTION INTENSITY STUDIES OF LOX-LNG
M I X T U R E S
by
B L A C K S T O N E , H . R .
W E N Z E L , A . B .
E V E R Y , R . L .
00/00/73
SECURITY CLASS ACCESS L E V E L REPORT CLASS ENTRY E V A L .
U/Unrestricted Unlimited S u m m a r y Good/Excel.
- A B S T R A C T -
M I X T U R E S OF LIQUID O X Y G E N ( L O X ) AND L I Q U I D N A T U R A L GAS (LNG) ARE
V E R Y ATTRACTIVE AS C O M M E R C I A L EXPLOSIVES BECAUSE THEY E X H I B I T VERY
HIGH BRISANCE, OR S H A T T E R I N G P O W E R , AND BECAUSE THE BASIC
M A T E R I A L S ABE R E A D I L Y A V A I L A B L E AND I N E X P E N S I V E . H O W E V E R , THE
M I X T U R E S CAN BE QUITE D A N G E R O U S IF MISHANDLED, AND T H E R E IS LITTLE
O R N O I N F O R M A T I O N A V A I L A B L E C O N C E R N I N G T H E H A N D L I N G H A Z A R D S . T H E
OBJECTIVE OF THI.S PRO-GRAM . B-A S TO O B T A I N SUCH . I N F O R M A T I O N BY.
C O N D U C T I N G A SERIES OF DROP TESTS TO C H A R A C T E R I Z E THE IMPACT
IGNITION AND R E A C T I O N I N T E N S I T Y B E H A V I O R OF V A R I O U S LOX-LNG
M I X T U R E S AND TO D E T E R M I N E W H E T H E R THE ADDITION OF AN I N E R T
INHIBITOR W O U L D C H A N G E THE R E A C T I O N INTENSITY OR THE IMPACT
SENSIVITY. IMPACT TESTS W E R E C O N D U C T E D U S I N G P E N T A E R Y T H R I T O L
T E T R A N I T R A T E ( P E T N ) , A N D T H E R E S U L T S W E R E C O M P A R E D WITH THOSE F O R
T H E V A R I O U S L O X - L N G M I X T U R E S . I N G E N E R A L LOX/LNG M I X T U R E S A P P E A R
T O H A V E T H E S A M E D E G R E E O F H A N D L I N G H A Z A R D A S PETN, B U T A R E
P O T E N T I A L L Y M O R E E N E R G E T I C . F U R T H E R , T H E M I X T U R E N E E D N O T B E M A D E
UNTIL T H E L A S T M I N U T E , THUS A V O I D I N G M A N Y H A N D L I N G H A Z A R D S .
- P E R T I N E N T F I G U R E S -
T A B . 1 P R O G R A M TEST P L A N , P A G E 41/ /TAB.2 S U M M A R Y OF TEST RESULTS,
P A G E 50// FIG.9 R E G R E S S I O N O F S T A N D A R D D E V I A T I O N M E A N F O R R E A C T I O N
I N T E N S I T Y M E A S U R E M E N T S , P A G E 51/ /TAB.3 T R A N S F O R M E D D A T A F O R T H E
S T A N D A R D D E V I A T I O N A N D M E A N F O R R E A C T I O N I N T E N S I T Y M E A S U R E M E N T S ,
P A G E 52//TAB.4 A N A L Y S I S O F V A R I A N C E F O R T R A N S F O R M E D R E A C T I O N
I N T E N S I T Y D A T A , P A G E 53//FIG.10 R E A C T I O N I N T E N S I T Y V E R S U S 0 /F
RATIO, P A G E 54
- B I B L I O G R A P H Y -
B L A C K S T O N E , W . R . , B A B E R , B . B . , AND K U , P . M . , T R A N S A C T I O N S , A M E R I C A N
SOCIETY OF L U B R I C A T I O N E N G I N E E R S , VOL 11, NO. 3, J U L Y
1968//PROPOSED M E T H O D OF TEST FOR COMPATIBILITY OF M A T E R I A L S W I T H
LIQUID O X Y G E N ( R E A C T I O N INTENSITY METHOD) , PUBLISHED FOR
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INFORMATION ONLY IN 1970 EDITION OF PART 18, BOOK OF ANNUAL ASTM
STANDARDS) ANNUAL ASTM STANDARDS//ROTHMAN,D., ALEXANDER,M.J., AND
ZIMMERMAN,,!. M., THE DESIGN AND ANALYSIS OF SENSITIVITY
EXPERIMENTS, NASA CR-62Q26, 70LS. 2 AND 22, NATIONAL AERONAUTICS
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OTHER I N F O R M A T I O N -
0019 PAGES, 0013 F I G U R E S , 0005 TABLES,
S A N A N T O N I O , T E X . / / C O N T I N E N T A L O I L
METHODS A N D
PRES. AT THE
A N N U A L M E E T I N G ,
S T A N D A R D S




keys 17568 through 17569
THERHODYNAMIC AND TRANSPORT PROPERTIES OF CRYOGENIC
PROPELLANTS AND RELATED FLUIDS
by
J O H N S O N , V . J .
00/00/73
S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y E V A L .
U/Unrestricted Unlimited S u m m a r y Acceptable
-ABSTRACT-
SIGNIFICANT A D V A N C E S H A V E B E E N M A D E I N R E C E N T Y E A R S I N T H E Q U A L I T Y
A N D R A N G E O F T H E R M O P H Y S I C A L D A T A F O R T H E C R Y O G E N I C PROPELLANTS,
P R E S S U R A N T S , A N D I N E R T A N T S . THESE A D V A N C E S H A V E R E S U L T E D FROM
I M P R O V E D E V A L U A T I O N A N D C O M P I L A T I O N T E C H N I Q U E S COUPLED WITH BETTER
A N D M O R E E X T E N S I V E E X P E R I M E N T A L DATA A N D FROM A BETTER THEORETICAL
U N D E R S T A N D I N G OF THE PHYSICAL PROPERTIES OF GASES. A R E V I E W OF
R E C E N T L Y COMPLETED A N D C U R R E N T D A T A C O M P I L A T I O N PROJECTS F O R
H E L I U M , H Y D R O G E N , A R G O N , N I T R O G E N , O X Y G E N , F L U O R I N E , A N D M E T H A N E
WILL BE GIVEN AS HELL AS R E C O M M E N D E D R E F E R E N C E S FOR T H E R M O D Y N A M I C
AND T R A N S P O R T P R O P E R T Y DATA T A B L E S FOR THESE FLUIDS. M O D E R N
T E C H N I Q U E S IN THE PLOTTING OF T H E R M O D Y N A M I C CHARTS F R O M T A B U L A R
D A T A (OR F R O M FUNCTIONS, S U C H AS THE .EQUATION OF STATE) H A V E
GREATLY I M P R O V E D THEIR PRECISION AND V A L U E . A LIST OF S U C H CHARTS
IS INCLUDED. THE FLUIDS I N C L U D E D IN THIS S U R V E Y ARE H E L I U M - U ,
P A R A H Y D R O G E N , N O R M A L H Y D R O G E N , A R G O N , N I T R O G E N , O X Y G E N , FLUORINE
A N D M E T H A N E .
- B I B L I O G R A P H Y -
M C C A R T Y , R . D . , T H E R M O P H Y S I C A L PROPERTIES OF H E L I U M - U F R O M 2 TO 1500
K W I T H P R E S S U R E S TO 1000 A T M O S P H E R E S , N A T I O N A L B U R E A U OF S T A N D A R D S
T E C H N I C A L NOTE 631, NOV. 1 9 7 2 / / R O D E R , H . K . , W E B E R , L . A . A N D
G O O D W I N , R . D . , T H E R M O D Y N A M I C A N D R E L A T E D PROPERTIES O F P A R A H Y D R O G E N
F R O M THE TRIPLE POINT TO 100 K AT PRESSURES TO 310 A T M O S P H E R E S ,
N A T I O N A L B U R E A U OF STA N D A R D S _ . . . M O N O G R A P H 9U , A U G . 1965 / /MCCARTY, R . D.
A N D W E B E R i . L . A . , T H E R M O P H Y S I C A L P R O P E R T I E S O F P A R A - H Y D R O G E N F R O M
THE F R E E Z I N G LIQUID L I N E TO 5000 R FOR P R E S S U R E S TO 10,000 PSIA,
N A T I O N A L B U R E A U O F S T A N D A R D S T E C H N I C A L N O T E 617, A P R I L 1972//
J A C 0 3 S E N , R . T . , THE T H E R M O D Y N A M I C PROPERTIES OF N I T R O G E N FROM 65 TO
2000 K WITH P R E S S U R E S TO 10,000 A T M , P H . D . THESIS, W A S H I N G T O N
S T A T E U N I V E R S I T Y , 1 9 7 2 / / M C C A R T Y ,R . D . AND W E B E R , L . A . ,
T H E R M O P H Y S I C A L P R O P E R T I E S OF O X Y G E N FROM THE F R E E Z I N G LINE TO 600
R FOR P R E S S U R E S TO 5000 PSIA, N A T I O N A L B U R E A U OF S T A N D A R D S
T E C H N I C A L NOTE 384, JULY 1971 / /PRYDZ,R . AND STBATY,G.C. , THE
T H E R M O D Y N A M I C PROPERTIES OF C O M P R E S S E D GASEOUS 4ND LIQUID
F L U O R I N E , N A T I O N A L B U R E A U OF S T A N D A R D S OF TECHNICAL NOTE 392, OCT.
1970
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-SOURCE I N F O R M A T I O N -
CORPORATE SOURCE -
N A T I O N A L B U R E A U O F S T A N D A R D S , B O U L D E R , COLO. CRYOGENICS DIV.
REPORT N U M B E R -
ASTM STP 537
J O U R N A L PROCEEDINGS -
C R Y O G E N S AND GASES. TESTING METHODS AND S T A N D A R D S
D E V E L O P M E N T , 6U-78 (1973) (SIMP. P R E S . AT . THE A M E R I C A N
SOCIETY FOR TESTING AND M A T E R I A L S A N N U A L MEETING, 75TH, LOS
ANGELES, CALIF. , JUN 25-30, 1972)
OTHER I N F O R M A T I O N -
0015 PAGES, 0000 F I G U R E S , 0000 TABLES, 0061 R E F E R E N C E S
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keys 17603 through 17607
EXPERIMENTAL STUDY OF E V A P O R A T I O N AND COMBUSTION OF
LIQUEFIED GASES FROM A FREE SURFACE
by
G R I S H I N , V . V .
K O M O V , V . F .
B E U T T , V . C H .
S H E V I A K O V , G . G.
00/00/73
SECURITY CLASS ACCESS L E V E L REPORT CLASS E N T R Y E V A L .
U/Unrestricted Unlimited Incremental Acceptable
-ABSTRACT-
E X P E R I M E N T A L D A T A ARE PRESENTED ON THE D E T E R M I N A T I O N OF THE R A T E
OF E V A P O R A T I O N OF H Y D R O G E N , NITROGEN, O X Y G E N AND M E T H A N E AND THE
RATES OF COMBUSTION OF M E T H A N E AND OF A P R O P A N E - B U T A N E M I X T U R E ON
THE SURFACES OF DIFFERENT M A T E R I A L S ( P L E X I G L A S , TEFLON, C E M E N T ,
S A N D A N D STEEL) A N D DEEP M E T A L R E S E R V O I R S .
- P E R T I N E N T F IGURES-
FIG. 1 E V A P O R A T I O N R A T E OF LIQUEFIED GASES FROM THE S U R F A C E OF
DIFFERENT MATERIALS FROM AN OPEN VESSEL W I T H D E Q U A L S 15 CM, PAGE
92//FIG.2 E V A P O R A T I O N AND C O M B U S T I O N OF M E T H A N E IN AN OPEN VESSEL
WITH D EQUALS 15 CM PAGE 93//FIG. 3 E V A P O R A T I O N OF LIQUEFIED
H Y D R O C A R B O N GASES F R O M DEEP R E S E R V O I R S , PAGE 94
- B I B L I O G R A P H Y -
L U I K O V , A . V . , A N A L Y T I C A L HEAT DIFFUSION T H E O R Y . N E W Y O R K , ACADEMIC
PRESS, 1968/ /OSIPOVA,V.A. , E X P E R I M E N T A L STUDY OF HEAT T R A N S F E R
PROCESSES. M O S C O W - L E N I N G R A D , E N E R G I Y A PRESS,
1 9 6 U / / F A S T O V S K I I , V . G . , PETROVSKII , Y U. V. AND R O V I N S K I I , A . Y E . , CY
A N D R O V I N S K I I , A . Y E . , C R Y O G E N I C E N G I N E E R I N G . MOSCOW, E N E R G I Y A
P R E S S , 1967// B O R I S H A N S K I I , V . M. AND K U T A T E L A D Z E , S.S., H A N D B O O K ON
HEAT T R A N S F E R . M O S C O W - L E N I N G R A D , G O S E N E R G O I Z D A T PRESS,
1959//BDRGESS, ET A L . , FIVE R E S E A R C H ABSTRACTS AND R E V I E W S , VOL 3,
3, 177-192, 1961
-SOURCE I N F O R M A T I O N -
CORPORATE SOURCE -
ALL-UNION R E S E A R C H INST. OF F I R E F I G H T I N G , MOSCOW, USSR
J O U R N A L PROCEEDINGS -
HEAT T R A N S F E R SOV. RES. VOL 5, NO. 5, 91-5 (SEP-OCT 1973)
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keys 1768 U through 176'86
IMPORTING LIQUEFIED NATURAL GAS - A SAFETY THREAT TO THE
COASTS.
by
M A G N U S O N , W . G .
00/00/73
S E C U R I T Y CLASS
U/Unrestricted
ACCESS L E V E L
Unlimited
R E P O R T CLASS
S u m m a r y
E N T R Y E V A L .
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THE HEED AND CURRENTREVIEWS
TO THE UNITED STATES. SOME DANGERS
LNG TANKERS ARE REVIEWED. AMONG THESE







H A T E R , A N D T H E POSSIBILITY T H A T T H E S E E X P L O S I O N S
SERIOUS HITH L A R G E R - S C A L E S P I L L S . A N O T H E R D A N G E R
F O R M A T I O N AND CLOUD T R A V E L R E S U L T I N G FROM A SPILL, AND THE
POSSIBILITY THAT A CLOUD C O U L D M O V E L O N G DISTANCES B E F O R E
I G N I T I O N , A N D COULD FLASH B A C K T O I T S S O U R C E W H E N I G N I T E D , B U R N I N G
E V E R Y T H I N G IN ITS PATH. THE. A U T H O R CONCLUDES T H A T F U R T H E R
GUIDELINES, S T A N D A R D S , A N D R E G U L A T I O N S - W I L L B E N E E D E D , T H A T
JURISDICTION OVER SITE S E L E C T I O N FOB LNG PORT FACILITIES MUST BE
CLARIFIED, AND THAT THESE R E C O M M E N D A T I O N S SHOULD BE C A R R I E D OUT TO
P R E V E N T ACCIDENTS, R A T H E R T H A N ACTING A F T E R T H E FACT.
-SOURCE. INFORMATION-
CORPORATE SOURCE -
UNITED STATES SENATE, WASHINGTON, U.C0 COMMERCE COMMITTEE
JOURNAL PROCEEDINGS -
MAR. TECHNOL. SOC. J. VOL 7, NO. 7, 3-7 (OCT-NOV 1973)
OTHER INFORMATION -
0005 PAGES, 0005 FIGURES, 0000 TABLES, 0000 REFERENCES
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keys 1772U through 17726
INSULATED T A N K TBUCK SPECIFICATION CGS-341 FOB COLD
LIQUEFIED GASES TENTATIVE S T A N D A R D
-ABSTRACT-
THIS T A N K TRUCK SPECIFICATION REPBESENTS THE M I N I M U M REQUIREMENTS
RECOMMENDED BY THE COMPRESSED GAS ASSOCIATION, INC. (CGA) FOR
I N S U L A T E D T A N K TRUCKS INTENDED PRIMARILY FOR THE TRANSPORTATION OF
COLD LIQUEFIED GASES, ( F R E Q U E N T L Y R E F E R R E D TO AS CRYOGENIC FLUIDS)
WHOSE PRESSURE IF W A R M E D TO 115 F W O U L D EXCEED THE SAFETY RELIEF
V A L V E SETTING OF THE T A N K AND THEREFORE W O U L D VENT IF LEFT
I N D E F I N I T E L Y .
-SOURCE I N F O B M A T I O N -
CORPORATE SOURCE -
C O M P R E S S E D GAS ASSOC. , INC., NEW Y O R K
REPORT N U M B E R -
PAMPHLET-CGA-341
OTHER INFORMATION -
0015 PAGES, 0000 FIGURES, 0004 TABLES, 0000 REFERENCES
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keys 18725 through 1872.9
PBESTRESSED C O N C R E T E D I K E S Y S T E M S FOR LNG STOBAGE
C O N T A I N E R S
by
C L O S N E R , J . J .
09/00/71
S E C U R I T Y . _ C L A 3 S - • - - A C C E S S LSV.2L B E P O B T CLASS E N T R Y E V A L .
U/Unrestricted Unl imi ted S u m m a r y Acceptable
- A 8 S T R A C T -
PRESTRSSSED C O N C R E T E P R O T E C T I V E H A L L S , O R SUCH W A L L S C O M B I N E D W I T H
A THICK C O N C R E T E 8 E R M A S D E S C R I B E D F O H T H E P H I L A D E L P H I A G A S W O R K S
A N D DISTRIGAS FACILITIES, P R E V E N T S I G N I F I C A N T L A T E R A L DISPERSION
AT G R O U N D L E V E L OF C O N T E N T S OF THE P R I M A R Y T A N K E I T H E R IN LIQUID
0 3 V A P O B O U S F O R M . T H E P R O T E C T I V E S Y S T E M W I L L F U N C T I O N W H E T H E R
S P I L L A G E FROM THE P R I M A R Y C O N T A I N E R IS OF N O M I N A L OR OF M A S S I V E
PROPORTIONS. I N H E R E N T ELASTIC R E C O V E R Y CAPABILITIES O F T H E
P R E S T R E S S E D CONCRETE W A L L M A K E I T P A R T I C U L A R L Y S U I T A B L E F O R THIS
APPLICATION AND SUPERIOR TO MOST O T H E R A V A I L A B L E M A T E R I A L S . BY
CLOSE C O N F I N E M E N T OF THE LNG OR GAS V A P O R S AND F O R C I N G THE P A S S A G E
OF THESE V A P O R S TO THE TOP OF THE H A L L , H I G H 'ABOVE .THE GROUND, THE
SYSTEM PROVIDES A " HIGH D E G R E E O F S A F E T Y A G A I N S T G R O U N D LEVEL
DISPERSION OF H A Z A R D O U S C O N C E N T R A T I O N S OF VAPOR. BY C O M B I N I N G THE
PBESTRESSED CONCRETE W A L L W I T H A THICK C O N C R E T E BEBM, ADDED
SECURITY IS P R O V I D E D A G A I N S T AN ACCIDENT DDE TO AN E X T E R N A L CAUSE.
- P E R T I N E N T F I G U R E S -
FIG. 1 C U T A W A Y SHOWS DESIGN OF TWO 583,000-BBL PRESTRESSED C O N C R E T E
L N G T A N K S F O R P H I L A D E L P H I A G A S W O R K S , P A G E 63//FIG.2 W A L L SECTION
OF THE PGW T A N K S , P A G E 66//FIG.3 P R E S T R E S S E D C O N C R E T E D I K E W A L L TO
BE USED AT PHlLA. ELECTRIC CO. TO S U R R O U N D AH ALL-METAL,
350,000-BBL STORAGE T A N K , P A G E 66
- B I B L I O G R A P H Y -
NPFA NO. 59A S T A N D A R D
-SOURCE INFOBMATION-
COBPORATE SOOBCB -
PRELOAD E N G I N E E R I N G CO., G A B D E N CITY, N . Y .
JOOBNAL PROCEEDINGS -
PIPELINE GAS J. VOL 198, NO. 11, 63 6 66 6 68-9 (SEP 1971)
OTHEB INFORMATION -
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keys 18719 through 18724
DESIGN AND CONSTRUCTION OF LNG INSTALLATIONS AT PETROLEUM
TERMINALS, N A T U R A L GAS PROCESSING PLANTS, REFINERIES, AND
OTHER INDUSTRIAL PLANTS
-ABSTRACT-
TBIS STANDARD (DATED JUNE 1968) COVERS THE DESIGN, CONSTRUCTION,
AND LOCATION OF INSTALLATIONS FOR THE LIQUEFACTION, STORAGE (BOTH
A B O V E G R O U N D A N D U N D E R G R O U N D ) , L O A D I N G O R U N L O A D I N G , A N D
V A P O R I Z A T I O N OF LIQUEFIED N A T U R A L GAS ( L N G ) AT PETROLEUM
T E R M I N A L S , N A T U R A L G A S PROCESSING P L A N T S , REFINERIES, A N D OTHER
INDUSTRIAL P L A N T S NOT C O V E R E D BY NFPA NO. 59A. IT IS I N T E N D E D TO
SERVE AS A G U I D E FOR I N S T A L L I N G LNG FACILITIES SO T H A T THEY CAN BE
OPERATED S A F E L Y AND R E L I A B L Y . IT IS R E C O G N I Z E D THAT THE
LIQUEFACTION A N D V A P O R I Z A T I O N FACILITIES K A Y B E A N I N T E G R A L PART
OF A R E F I N E R Y , A GAS P R O C E S S I N G P L A N T , OR OTHER I N D U S T R I A L PLANTS,
AS HELL AS A S E P A R A T E I N S T A L L A T I O N . THIS LNG S T A N D A R D IS NOT
I N T E N D E D TO APPLY TO THE DESIGN OF THE I N D I V I D U A L PROCESS
EQUIPMENT C O M P O N E N T S WHICH M A K E UP THE LIQUEFACTION AND
V A P O R I Z A T I O N FACILITIES IN ANY INSTALLATION.
-PERTINENT FIGURES-
TAB. . M I N I M U M DISTANCE R E Q U I R E M E N T S FOR A B O V E G R O U N D T A N K S OF LESS
THAU 1000,000-GAL CAPACITY, PAGE 9//TAB. M I N I M U M DISTANCE
R E Q U I R E M E N T S FOR T A N K S OF 100,000-GAL CAPACITY AND O V E R , PAGE 10
- B I B L I O G R A P H Y -
H F P A N O . 59A. S T A N D A R D F O R STORAGE A N D H A N D L I N G O F LIQUEFIED
N A T U R A L GAS AT UTILITY Gf tS P L A N T S , N A T L . FIRE PROTECT. ASSOC.,
BOSTON ( 1 9 6 7 ) ' / / A P P E N D I X Q, 1968 S U P P L E M E N T TO .API STD. 620.
R E C O M M E N D E D R O L E S F O R DESI3N A N D C O N S T R U C T I O N O F L A R G E , W E L D E D ,
L O W - P R E S S U B E S T O R A G E T A N K S , 3RD EDN. , AM.; PETROL. INST., NEW YORK
STD. 2COO. G U I D E FOR . V E N T I N G A T M O S P H E R I C AND
S T O R A G E T A N K S , A M . PETROL. INST., N E W Y O R K
831. 3-1966. P E T R O L E U M R E F I N E R Y PIPING, AM. S OC. NECH.
Y03K/ /NFPA NO. 70 . N A T I O N A L E L E C T R I C A L CODE, N A T L .
ASSOC. , B O S T O N (1965)//API RP 2003. PROTECTION
A G A I N S T I G N I T I O N S A R I S I N G O U T O F STATIC, L I G N T N I N G , A N D STRAY
C U R R E N T S , A M . PETROL. INST. , N E W Y O R K (1967)
(1966) / /API
L O W - P R E S S U R E
(1968) / /USAS
E N G R S . , N E W
FIRE PROTECT.
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
A M E R I C A N P E T R O L E U M INST. , N E W Y O R K
REPORT N U M B E R -
API S T A N D A R D 2510A
O T H E R I N F O R M A T I O N -
0016 P A G E S , 0000 F I G U R E S , 0000 T A B L E S , .0015 REFERENCES
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keys 17810 through 17812
T H I R D A N N U A L REPORT OF THE S E C R E T A R Y OF T R A N S P O R T A T I O N ON
H A Z A R D O D S M A T E R I A L S C O N T R O L H A Z A R D O U S M A T E R I A L S
T R A N S P O R T A T I O N C O N T R O L ACT OF 1970, C A L E N D A R Y E A R 1972
- A B S T R A C T -
THIS R E P O R T G I V E S THE T H A N S P O R T AT ION 5 ECT(
BY THE H A Z A R D O U S M A T E R I A L S r R A NS PORT AT ION
A R E A S R E P O R T E D O N I N C L U D E ( 1 ) A T H O R O U G H
O F T H E A C C I D E N T S A N D C A S U A L T I E S OCCUiUi
I N V O L V E D T H E T R A N S P O R T A T I O N O F H A Z A R D O U S
R E L E V A N T F E D E R A L S T A N D A R D S I N EFFECT O R
(3) A S U M M A R Y OF THE R E A S O N " FOR 3ACH MA
P U R S U A N T TO SECTIONS 831 TO 835, ISCLUS
U N I T E D STATES C O D E , ( U ) A N S V A L U A T I O N O F
OF S A F E T Y S T A N D A R D S FOR THE T R A N S P O E T AT IG
AND (5 ) A . S U M M A R Y OF O U T S T A N D I N G P
T R A N S P O R T A T I O N O F H A Z A R D O U S M A T E R I A L S .
O U T S T A N D I N G P R O B L E M S I S T H E I D E M T I ' F I C A T
ASSOCIATED W I T H S O M E C O M M O D I T I E S AMD T H
C O O P E R A T I O N IN E S T A B L I S H I N G R E G U L A T I O N S i f
H A Z A R D O U S M A T E R I A L S .
E T f t R Y S R E P O R T A S R E Q U I R E D
C O N T R O L ACT OF 1970. THE
S T A T I S T I C A L C O M P I L A T I O N
I N G I N S U C H Y E A R W H I C H
HATS R I A L S , (2) A LIST OF
ESTABLISHED IN SUCH Y E A R ,
I7E3 O R E X E M P T I O N G R A N T E D
IVE, OF TITLE 18 OF THE
THE D E G R E E OF O B S E R V A N C E
N' OF H A Z A R D O U S M A T E R I A L S ,
R O B L E N S C R E A T E D B Y T H E
A M O N G T H E S U M M A R Y O F
ION OF M U L T I P L E H A Z A R D S
E M E E D FOR I N T E R N A T I O N A L
GH THE T R A N S P O R T A T I O N OF
• - P E R T I N E N T -F1GUHES-
TAB-. 1 A C C I D E N T • AND C A S U A L T Y - R E P O R T ! KG ,-• 197 1, PAGE 15//FIG.1
R E P O R T E D M A R I N E C A S U A L T I E S I W V C L V I M G H A Z A R D O U S M A T E R I A L CARRIERS,
P A G E 18//FIG.2 R E P O R T E D M A R I N E C A S O L A T I E S I N V O L V I N G H A Z A R D O U S
M A T E R I A L C A R R I E R S , PAGE 19//FIG.3 R E P O R T E D H A 8 I N E CASUALTIES
I N V O L V I N G H A Z A R D O U S M A T E R I A L C A R R I E R S , P A G E 2 0
~ B I B L I O G R A P H Y ••
L N G - HATER E X P L O S I O N S , R E P O R T T O U . S . COAST G U A R D D A T E D M A R C H
1972// S U P E R H E A T - L I M I T E X P L O S I O N S BY D. L. K A T Z , C H E M . ENG.
P R O G R o , M A Y 1972// C O N F E R E N C E P R O C E E D I N G S ' O N L N G I M P O R T A T I O N A N D
T E R M I N A L SAFETY, R E P O R T T O U . S . C O A S T G U A R D S U B M I T T E D S E P T E M B E R
1972/ /CONFERENCE ON V A P O R 08 S U P E R H E A T - L IMIT E X P L O S I O N S BY R. L .
M Y E R S , R E P O R T TO U.S. COAST G U A R D S U B M I T T E D D E C E M B E R 6 , 1972
-SOURCE I N F O R B A T I O N -
COBPORATE S O U R C E -
D E P A R T M E N T OF T R A N S P O R T A T I O N , W A S H I N G T O N , D. C.
OTHER I N F O R M A T I O N -
0150 PAGES, 0006 F I G U R E S , 0002 TABLES, 0006 BEFEBEHCES
397
keys 180U9 through 18050
CONTROL V A L V E S FOB LUG FACILITIES
by
G O L D F E D E R , L . B .
01/00/72
SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Dnlimited Summary Acceptable
- ABSTRACT-
T H E ARTICLE D E S C R I B E S M A N Y D E S I G N F E A T U R E S O F V A L V E S F O R U S E I N
LIQUEFIED N A T U R A L G A S I N S T A L L A T I O N S . W H I L E T H E STRESS I S O N L N G
FACILITIES , MOST OF THE DESIGN C R I T E R I A , INCLUDING L E A K
P R E V E N T I O N , HEAT L E A K R E D U C T I O N , SEAL M A T E R I A L S FOR LOW
T E M P E R A T U R E S , AND LOW COOLDOBN W E I G H T , APPLY E Q U A L L Y TO OTHER
C R Y O G E N I C FLUIDS V A L V E S .
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E SOURCE -
FISHER CONTROLS CO., M A R S H A L L T O W N , IOWA •
J O U R N A L PROCEEDINGS -
PIPELINE GAS J. VOL 199, NO. 1 , 58 C 62 6 66-7 6 72 & 74 ( JAN
1972)
OTHER I N F O R M A T I O N -
0006 PAGES, 0012 F I G U R E S , 0000 T A B L E S , 0000 R E F E R E N C E S
398
keys 18065 through 18066
STEELS
b y
P I T C H E S , J . H .
12/04/72
SECURITY CLASS ACCESS L E V E L REPORT CLASS E N T R Y E V A L .
U/Unrestricted Unlimited S u m m a r y Acceptable
-ABSTRACT-
THIS BRIEF ARTICLE S U M M A R I Z E S THE PROPERTIES OF S E V E R A L STEELS AND
ALLOYS I N T E N D E D FOR USE AT T E M P E R A T U R E S AS LOW AS 77 K. THE
P R I M A R Y A P P L I C A T I O N C O N S I D E R E D IS T R A N S P O R T OF LIQUEFIED N A T U R A L
G A S . USEFULNESS OF THE AHTICLE IS L I M I T E D BY ITS B R E V I T Y , ITS
ATTEMPT TO COVER OTHER SPECIAL S T A I N L E S S STEELS AS W E L L AS
M A T E R I A L S F O R C R Y O G E N I C S E R V I C E , A N D T H E LACK O F P R O P E R T I E S D A T A
AT LOS T E M P E R A T U R E S .
- P E R T I N E N T FIGURES-
TAB. 2 .TYPICAL COMPOSITION OF CRYOGENIC M A T E R I A L S , P A G E 42//TAB. 3
S T R E N G T H OF C R Y O G E N I C M A T E R I A L S , PAGE 42
-SOURCE INFOBMATION-
CORPORATE SOURCE -
A R M C O STEEL CORP., M I D D L E T O W N , OHIO
J O U R N A L P R O C E E D I N G S -
CHEM. E N G . (N. Y.) VOL 79, NO. 27, 39-42 (DEC 1972)
OTHER I N F O R M A T I O N -
0004 PAGES, 0001 FIGURES, 0003 TABLES, 0000 R E F E R E N C E S
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keys 18138 through 18145
FIRE HAZARDS OF CBYOGENIC FUELS
by











T H E H A Z A R D S A S S O C I A T E D W I T H T H E PRODUCTION, T R A N S P O R T A T I O N ,
S T O R A G E A N D U S E O F A N Y C H E M I C A L D E P E N D O N I T S P H Y S I C A L A N D
C H E M I C A L PROPERTIES AS W E L L AS ON ITS I N T E R A C T I O N S WITH THE
S U R R O U N D I N G S A N D I T S EFFECT O N M A N . O F P A R T I C U L A R INTEREST H E R E
ARE THE F I R E AND EXPLOSION H A Z A R D S OF TWO C O M M O N FUELS, H Y D R O G E N
A N D N A T U R A L GAS, T H A T A R E N O W B E I N G LIQUEFIED, S T O R E D A N D SHIPPED
IN A T M O S P H E R I C - P R E S S U R E C O N T A I N E R S . THE POTENTIAL H A Z A R D S OF THE
TWO C R Y O G E N I C FUELS T H A T A R I S E F O L L O W I N G S P I L L A G E ARE DISCUSSED IN
T E R M S OF THEIR PROPERTIES, THE M E T H O D S BY W H I C H F L A M M A B L E M I X T U R E S
ARE F O R M E D A N D . IGNITED AND THE RESULTS OF THE COMBUSTION, AND
METHODS OF FIRE FIGHTING. TWO TYPES OF H A Z A R D S - E X I S T , ONE
ASSOCIATED .WITH THE F I R E B A L L A F T E R FLASH E V A P O R A T I O N AND IGNITION
AND THE OTHER IS POOL FIRES. POOL FIRES W I T H H Y D R O G E N AND LNG ARE
N O T M U C H D I F F E R E N T T H A N N O R M A L F U E L S F O R E X T I N G U I S H M E N T . H Y D R O G E N
POOL FIRES SHOULD BE ALLOWED TO BURN O U T . THE M A J O R C O N S E Q U E N C E OF
A F IREBALL IS U S U A L L Y T H E R M A L R A D I A T I O N BUT WITH S O M E C O N F I N E M E N T ,
S E V E R E BLAST PRESSORES MAY OCCUR. AN A P P E N D I X GIVES A REPORT OF
T H E 1 9 U U C L E V E L A N D D I S A S T E R .
- P E R T I N E N T F I G U R E S -
FIG. 1 R A T E OF V A P O R I Z A T I O N OF L I Q U I D H Y D R O G E N P O U R E D O N T O W A R K
P-ARAFFIN W I T H I N A 2 . 8 - T N C H - D I A M E T E R D E W A R , P A G E 3//FIG.2 EXTENT OF
T H E F L A M M A B L E M I X T U R E S A N D H E I G H T O F T H E VISIBLE CLOUD F O R M E D
A F T E R THE R A P I D S P I L L A G E OF 3 LITERS OF L I Q U I D H Y D R O G E N ON A DRY
M A C A D A M S U R F A C E IN A Q U I E S C E N T AIR A T M O S P H E R E AT 59 DEGREES F,
P A G E 5//FIG.3 L A Y E R I N G AND DISPERSION OF M E T H A N E , PAGE 7//FIG.U
E X T E N T O F F L A M M A B L E Z O N E Z B O V E D O W N W I N D DIKE F O L L O W I N G SPILLAGE O F
L N G , P A G E 8//FIG.5 EFFECT OF POOL D I A M E T E R ON L I Q U I D B U R N I N G RATE
U N D E R W I N D L E S S C O N D I T I O N S , P A G E 9//FIG. 8 M A X I M U M F L A M E HEIGHT A N D
W I D T H P R O D U C E D B Y T H E IGNITION O F T H E V A P O R - A I R M I X T U R E S F O R M E D B Y
THE S U D D E N SPILLAGE OF 2.8 TO 89 LITERS OF LIQUID HYDROGEN, PAGE
12
-BIBLIOGRAPHY-
Z A B H T A K I S , M . G . , A N D B U R G E S S , D . , R E S E A R C H O N T H E H A X A R D S ASSOCIATED
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H I T H T H E PRODUCTION A N D H A N D L I N G O F LIQUID H Y D R O G E N . B U R E A U O F
M I M E S REPORT OF I N V E S T I G A T I O N S 5707, 1961, 50 PP. / /BURGESS, D. , AND
Z A B E T A K I S , M . G . , F IRE AND EXPLOSION H A Z A R D S ASSOCIATED HITH
LIQUEFIED N A T U R A L GAS. B U R E A U OF M I N E S REPORT OF INVESTIGATIONS
6099, 1962, 33 P P . / / Z A B E T A K I S , M . G . , F U R N O , f i . G . , AND P E R L E E , H . E . ,
H A Z A R D S I N USING L I Q U I D H Y D R O G E N I N BUBBLE C H A M B E R S . B U R E A U O F
M I N E S REPORT OF I N V E S T I G A T I O N S 6309, 1963
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
B U R E A U O F M I N E S , P I T T S B U R G H , P A .
J O U R N A L P R O C E E D I N G S -
SOCIETY OF FlfiE PROTECTION E N G I N E E R S A N N U A L M E E T I N G , 13TH,
(PRES. AT) P O R T L A N D , O R E . , MAY 15 , 1963
OTHER I N F O R M A T I O N -
0024 P A G E S , 0011 F I G U R E S , 0003 TABLES, 0003 REFERENCES
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted NTIS S u m m a r y Acceptable
- A B S T R A C T -
THE HIGHER H E A T I N G V A L U E OF H Y D R O G E N R E L A T I V E TO JP FUEL IS
ESTIMATED TO R E D U C E FUEL H E I G H T BY T H R E E FOLD AND GROSS WEIGHT. BY
40 PERCENT FOR C O M P A R A B L Y D E S I G N E D A I R P L A N E S OF EQUAL PAYLOAD AND
R A N G E . N O A D V A N T A G E W A S F O U N D F O R T U R B I N E ROTOR-INLET T E H P E R A T U R E S
HIGHER T H A N 2725 F, R E G A R D L E S S OF F U E L TYPE, FOR D U C T - B U R N I N G
T U R B O F A N E N G I N E S C O N S T R A I N E D BY FAR 36 NOISE LIMITS. E N G I N E DESIGN
P A R A M E T E R S . H E R E VARIED. TO D E T E R M I N E THE I N F L U E N C E .OF L O W E R NOISE
GOALS ON GROSS W E I G H T AND DIRECT O P E R A T I N G COST.. AT C U R R E N T FUEL
"PRICES, THE DOC OF A H Y D R O G E N A I R P L A N E W O U L D BE M U C H . HIGHER T H A N
THAT OF A JP A I R P L A N E . A M E T H A N E A I R P L A N E COULD OFFER AN
8.5-PERCENT L O W E R DOC T H A N JP . BUT F U T U R E S H O R T A G E S BAY E S C A L A T E
THE PRICES OF BOTH JP AND M E T H A N E , W H E R E A S THE P R I C E OF H Y D R O G E N
M A N U F A C T U R E D H Y D R O L Y T I C A L L Y C O U L D B E R E D U C E D F R O M P R E S E N T LEVELS.
IF IN THE F U T U R E ALL T H f i E E FUELS ARE P O S T U L A T E D TO H A V E E Q U A L
COSTS PEO U N I T OF E N E R G Y , THE DOC FOR H Y D R O G E N C O U L D BE AS MUCH AS
20 P E R C E N T BELOW T H A T FOR JP ON THE R E F E R E N C E U O O O - N A U T I C A L - M I L E
M I S S I O N . L O N G E R R A N G E S O R L O W E R NOISE R E Q U I R E M E N T S W O U L D I M P R O V E
T H E A D V A N T A G E O F H Y D R O G E N . T H E A D D I T I O N A L C O M P L E X I T I E S O F
D E V E L O P I N G A N D O P E R A T I N G C R Y O G E N I C S Y S T E M S W O U L D U N D O U B T E D L Y P A R E
SOME OF THE A P P A R E N T A D V A N T A G E .
- P E R T I N E N T F I G U R E S -
TAB. 2 C O M P O N E N T H E I G H T S OF R E F E R E N C E JP-.FUEL M A C H 2 .7 A R R O W - W I N G
A I R P L A N E / / TAB. 3 C O M P O N E N T C H A R A C T E R I S T I C S OF .A R E P R E S E N T A T I V E
D U C T - B U R N I N G T U R B O F A N E N G I N E U S E D I N T H I S S T U D Y / / T A B . U S S T W E I G H T
B R E A K D O W N ( P O U N D S ) / / T A B . 5 H A C H 2 .7 SST C H A R A C T ERISTICS//FIG. 16
EFFECT OF F U E L T Y P E ON DIRECT O P E R A T I N G COST OF A M A C H 2.7 SST
D E S I G N E D FOR A U , 0 0 0 - N MI . R A N G E WITH 250 P A S S E N G E R S
- B I B L I O G R A P H Y -
S I L V E R S T E I N , A . AND H A L L , E . W. , L I Q U I D H Y D R O G E N AS A JET F U E L FOR
H I G H - A L T I T U D E A I R C R A F T . N A C A R M E55C28A, 1955//LEHIS L A B O R A T O R Y
402 .
STAFF, H Y D R O G E N F O R T U R B O J E T A N D R A M J E T P O W E R E D FLIGHT. N f t C A R M
E57D23, 1957// G R E G O R Y , D . P . AND H U R P ! , J . E . , A H Y D R O G E N E N E R G Y
SYSTEM. P R E S E N T E D A T T H E C O N F E R E N C E O N N A T U R A L G A S R E S E A R C H A N D
T E C H N O L O G Y , A T L A N T A , G A . , J U N E 5-7, 1 9 7 2 / / W E B E R , P . J . ,
D U G A N , J . F . , J R . A N D L U I D K S S , R . W . , H E T H A N E - F U E L E D P R O P U L S I O N
S Y S T E M S . A S T R O N A U T I C S AND A E R O N A U T I C S , VOL. 4 , NO. 10 , OCT. 1966,
P P . 4 8 - 5 5 / / W H I T L O W , J . B . , J R . A N D K R A F T , G . A . , P O T E N T I A L O F
M E T H A N E - F U E L ED S U P E R S O N I C T R A N S P O R T S O V E R A R A N G E OF C R U I S E SPEEDS
UP TO M A C H U . N A S A TM X - 2 2 3 1 , 1971 / /HEATHM AN, J . H . , H Y D R O G E N
T A N K A G E A P P L I C A T I O N T O M A N N E D A E R O S P A C E SYSTEMS. PHASES I I A N D
III. VOL. I . D E S I G N AND A N A L Y T I C A L I N V E S T I G A T I O N S . R E P .
GDC-DCB68-008-VOL. 1 , G E N E R A L D Y N A M I C S / C O N V A I R (AD-83323) , APR.
1968. ( A V A I L A B L E T O Q U A L I F I E D R E Q U E S T O R S F R O M DDC, O T H E R S F R O M A I R
FORCE FLIGHT D Y N A M I C S L A B . , A T T N . FBS, W R I G H T - P A T T E R S O N AFB, OH
U 5 U 3 3 . )
- S O U R C E I N F O R M A T I C N -
C O B P O R A T E SOURCE -
N A T I O N A L A E R O N A U T I C S A N D S P A C E A D M I N I S T R A T I O N . L E W I S R E S E A R C H
C E N T E R , C L E V E L A N D , O H I O / / A R M Y A I R M O B I L I T Y R E S E A R C H A N D
D E V E L O P M E N T C E N T E R L A B . , C L E V E L A N D , OHIO
R E P O R T N U M B E R -
N73-22711 / /NASA-TMX-68222
OTHER I N F O R M A T I O N - .
0054 PAGES> 0019 FIGURES, 0005 TABLES, 0026 R E F E R E N C E S
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THERMOELASTIC M O D E L STUDIES OF C R Y O G E N I C T A N K E R STRUCTURES
by
B E C K E R , H .








E N T R Y EVAL.
Good/Excel.
-ABSTRACT-
T H E O R E T I C A L C A L C U L A T I O N S A N D E X P E R I M E N T A L MODEL STUDIES WERE
C O N D U C T E D ON THE P R O B L E M OF T E M P E R A T U R E AND STRESS D E T E R M I N A T I O N
IN A C R Y O G E N I C T A N K E R W H E N A HOLD IS S U D D E N L Y EXPOSED TO THE
C H I L L I N G ACTION OF THE COLD FLUID. MODEL STtTDIES OF T E M P E R A T D R E S
AND STRESSES W E R E P E R F O R M E D ON I N S T R U M E N T E D STEEL VERSIONS OF A
SHIP WITH C E N T E R HOLDS AND W I N G T A N K S . S U P P L E M E N T A R Y STUDIES ALSO
W E R E CONDUCTED ON PLASTIC MODELS U S I N G PHOTOTHERMOELASTICITY (PTE)
TO R E V E A L THE STRESSES. THE H I G H L Y SIMPLIFIED THEORETICAL
PREDICTIONS OF T E M P E R A T U R E H E R E IN FATS A G R E E M E N T WITH THE
• E X P E R I M E N T A L DATA IN THE T R A N S I E N T STAGE A N D ' AFTER LONG "INTERVALS,
THE T E M P E R A T U R E S AND STRESS.ES R E A C H E D PEAK V A L U E S IN E V E R Y CASE
TESTED A N D M A I N T A I N E D " T H E P E A K S F O R S E V E R A L MINUTES D U R I N G W H I C H
TIME T H E B E H A V I O R W A S QUASISTATIC . T H E E X P E R I M E N T A L T E M P E R A T U R E S
W E R E I N GOOD A G R E E M E N T WITH P R E D I C T I O N S F O R T H E T H I N MODELS
R E P R E S E N T A T I V E OF SHIP C O N S T R U C T I O N . E V I D E N C E WAS FOUND FOR THE
I M P O R T A N C E O F C O N V E C T I V E H E A T T R A N S F E R I N ESTABLISHING T H E
T E M P E R A T U R E S IN A SHIP. AN I M P O R T A N T R E S U L T OF THE PROJECT WAS THE
GOOD A G R E E M E N T O F T H E M A X I M U M E X P E R I M E N T A L STRESSES W I T H
THEORETICAL PREDICTIONS W H I C H H E R E M A D E F R O M T H E S IMPLE
C A L C U L A T I O N S .
- P E R T I N E N T F I G U R E S -
T A B . V S T R A I N G A G E C H A R A C T E R I S T I C S A N D L O C A T I O N S , PAGE 32/ /TAB.VI
T E M P E R A T U R E S IN BOTTOM S T R U C T U R E , DEGREES F, P A G E U5//TAB . A-II
T E M P E R A T U R E DATA FOR T H E O R E T I C A L PROFILES , D E G R E E S F , P A G E
63//FIG.38 T E M P E R A T U R E H I S T O R Y IN THE COLD-SPOT MODEL, P A G E
50//FIG.39 T E M P E R A T U R E M E A S U R E M E N T H I S T O R Y I N SHIP P T E MODEL, P A G E
51//FIG.43 PHOTOELASTIC F R I N G E P A T T E R N S IN S I M U L A T E D SHIP MODEL AT
5 M I N U T E S , P A G E 6U
- B I B L I O G R A P H Y -
T E B P E R A T U R E - I N D U C E D STRESSES IN B E A M S AND SHIPS, N A V A L SHIP
R E S E A R C H AND D E V E L O P M E N T C E N T E R REPORT - DTMB NO. 937, J U N E 1955
( J A S P E R , N . H . ) / / P H O T O T H E R M O E L A S T I C I N V E S T I G A T I O N OF T H E R M A L
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STRESSES IN F L A T PLATES, T R A N S . A S M E , J O U R N A L OF B A S I C
E N G I N E E R I N G , VOL 85, SERIES D, NO. 4, PP. 566-568, D E C E M B E R 1963
(BECKER,H. AND COLAO, A. ) / / T H E R M A L STRESS CONCENTRATION CAUSED BY
STRUCTURAL DISCONTINUITIES, E X P E R I M E N T A L M E C H A N I C S , VOL 9, NO. 12,
PP. 558-564, D E C E M B E R 1969 ( E M £ R G Y f A . F. , H I L L I A M S , J . A . , AND
A V E R Y , J . ) / / A N E X P L O R A T O R Y STUDY O F T H R E E - D I M E N S I O N A L
P H O T O T H E R M O E L A S T I C I T Y , J O O R N A L OF A P P L I E D M E C H A N I C S , VOL 28, NO.
1 , PP. 35-40, M A R C H 1961 ( T R A M P O S C H , H . AND G E R A R D , G . )
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
S A N D E R S A S S O C I A T E S , I N C . , N A S H U A , N . H .
REPORT N U M B E R -
SSC-241//AD-771217
SPONSOR -
N A V A L SHIP S Y S T E M S C O M M A N D , W A S H I N G T O N , D. C .
C O N T R A C T N U M B E R -
C O N T R A C T N00024-7Q-C-511 9
OTHER I N F O R M A T I O N -
0087 P A G E S , 0046 F I G U R E S , 0014 T A B L E S , 0021 R E F E R E N C E S
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Onrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
SEVERAL TESTS WERE CONDUCTED TO OBTAIN EXPERIMENTAL DATA ON 'THE
EXPLOSIVE AND DETONATION CHARACTERISTICS OF HYDROCARBON - LIQtllD
OXYGEN MIXTURES. A LIQUID MIXTURE OF 25 MOLE PERCENT METHANE AND
75 MOLE PERCENT OXYGEN AT 76 K WAS DETONATED WITH A DYNAMITE CAP
TO DETERMINE IF AN EXPLOSION COULD RESULT FROM CONDENSATION AND
FBACTIONIZATION OF HYDROCARBONS AND AIR ON THE OUTSIDE OF A COLD
PIPE. ANOTHER TEST HAS CONDUCTED TO DETERMINE THE LOWER EXPLOSIVE
LIMITS OF A 50 - 50 METHANE - ETHANE MIXTURE IN LIQUID OXYGEN. IT
WAS DETERMINED THAT THE LOWSBt EXPLOSIVE LIMIT FOR THE MIXTURE HAS
ABOUT 6.2 MOLE PERCENT. THE POSSIBILITY OF A RELATIONSHIP BETWEEN
THE EXPLOSIVE LIMITS OF GAS PHASE AND LIQUID PHASE" CH(4.)-O(2)
MIXTURES WAS DISCUSSED. AN EXPERIMENTAL TEST WAS CONDUCTED TO
DETERMINE THE LOWER AND UPPER EXPLOSION LIMITS OF METHANE IN
LIQUID OXYGEN AT -320 DEGREES F, AND THE TEST RESULTS INDICATED
THAT THESE LIMITS ARE 10.5 AND 59 MOLE PERCENT METHANE IN LIQUID
OXYGEN. A TEST WAS CONDOCTED TO DETERMINE IF CONCENTRATED
HYDROCARBON CONTAMINATION IN SILICA GEL ADSORBENT COULD DETONATE
IN LIQUID OXYGEN. MIXTURES OF 4 AND 5 MOLE PERCENT ETHANE IN
LIQUID OXYGEN WERE DETONATED AT -320 DEGREES F. VARIOUS ASPECTS OF
THE EXPERIMENTAL TESTS WERE DISCUSSED.
-PERTINENT FIGURES-




AIR PRODUCTS AND CHEMICALS, INC., ALLENTOWN, PA.
JOURNAL PROCEEDINGS -
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ALLENTOWN, PA., JtJL 1959
PUBLISHER -
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DOWNWIND TRAVEL OF VAPOBS FROM LARGE POOLS OF CRYOGENIC
LIQUIDS
by
P A R K E R , R. 0.
S P A T A , J . K.
00/00/68
S E C U R I T Y CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestr icted U n l i m i t e d S u m m a r y Good/Excel.
- A B S T H f t C T -
A M E T H O D F O R C A L C U L A T I N G V A P O R C O N C E N T R A T I O N S D O W N W I N D O F L A R G E
POOLS OF C R Y O G E N I C LIQUIDS IS D E V E L O P E D IN THIS P A P E R . A R E A
SOURCES O F V A P O R A R E T R E A T E D A S COLLECTIONS O F U N I F O R M L Y
D I S T R I B U T E D POINT S O U R C E S . E A C H POINT S O U R C E HAS A STRENGTH W H I C H
IS A FUNCTION OF TIME BECAUSE OF THE V A R Y I N G R A T E OF H E A T T R A N S F E R
A T T H E E A R T H - L I Q U I D I N T E R F A C E . V A P O R C O N C E N T R A T I O N A T A N Y D O W N W I N D
POSITION IS F O U N D AS A F U N C T I O N OP TIME, WIND SPEED, AND W I N D
S T R U C T U R E . S T A N D A R D M E T E O R O L O G I C A L O B S E R V A T I O N S ARE USED TO OBTAIN
T H E L A T E R A L A N D V E R T I C A L D I S P E R S I O N COEFFICIENTS, W H I C H D E P E N D
D P O H . W I N D STRUCTURE AND D I S T A N C E . USE OP THE M E T H O D IS ILLUSTRATED
BY A C A L C U L A T I O N OF VAPOR C O N C E N T R A T I O N S D O W N W I N D OF A POOL OF
L8G. PRACTICAL APPLICATIONS I N C L U D E H A Z A R D STUDIES A N D A I R
POLLUTION ESTIMATES.
- B I B L I O G H A P H Y -
Z A B E T A K I S , M . G . AND BURGES S , D . S . , R E S E A R C H ON THE H A Z A R D S
ASSOCIATED W I T H T H E P R O D U C T I O N A N D H A N D L I N G O F LIQUID H Y D R O G E N ,
U.S. B U R E A U OF M I N E S , R.I . 5707 / /BURGESS,D . S. AND ZABET AKIS, M. G. ,
FISE A N D EXPLOSION H A Z A R D S A S S O C I A T E D W I T H L I Q U I D N A T U R A L G A S ,
U.S. B U R E A U OF M I N E S , R.I. 6099
- S O U R C E I N F O R M A T I O N -
COBPOBATE SOURCE -
N E W YORK U N I V . , N . Y .
J O U R N A L PROCEEDINGS -
LNG I N T E R N A T I O N A L CONF. , 1ST, (PROC. OF, SESSION NO. 5)
CHICAGO, ILL., APR 7-12, 1968. PAPER 2U
PUBLISHER -
INSTITUTE OF GAS TECHNOLOGY, CHICAGO, ILL.
OTHER I N F O R M A T I O N -
0012 PAGES, 0003 FIGURES, 0001 TABLES, 0012 REFERENCES
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Summary Acceptable
-ABSTRACT-
A P R E M I S E OF THIS ARTICLE IS THAT THE EFFECTS OF A C A T A S T R O P H E
C A N N O T BE DESIGNED A G A I N S T E C O N O M I C A L L Y . THIS, T H E N , POINTS OUT
THE NEED FOR A C O N S E R V A T I V E A P P R O A C H TO M I N I M I Z E OR E L I M I N A T E THE
POSSIBILITY OF A M I N O R I N C I D E N T D E V E L O P I N G I N T O A CATASTROPHE.
GUIDELINES ARE OFFERED FOR SPACING, DIKING, FIRE PROTECTION
INSULATION, O V E R P R E S S U R E PROTECTION, AND OTHER SAFETY ITEMS FOR
ABOVE GROUND S T O R A G E OF C ( 1 ) T H R O U G H C ( U ) H Y D R O C A R B O N S , SINGLY OR
IN ANY MIXTURE, FOR P R E S S U R E S TO 15 PSIG. THE AUTHOR HAS
RESPONSIBILITIES FOR FIRE AND SAFETY E N G I N E E R I N G AT ESSO AND IS AN
I N T E R N A T I O N A L CONSULTANT FOR S T A N D A R D OF NEW J E R S E Y AFFILIATES-.
-BIBLIOGRAPHY-
SURGES,^. A N D Z A B E T A K I S , N . G . , FIRE A N D EXPLOSION H A Z A R D S
A S S O C I A T E D HITH L I Q U E F I E D N A T U R A L GAS, REPORT OF I N V E S T I G A T I O N
6099, B U R E A U OF M I N E S , U .S . DEPT. OF THE I N T E R I O R (1962) / /NFPA
NO. 59 . S T A N D A R D FOR THE STORAGE AND H A N D L I N G OF L I Q U E F I E D
P E T R O L E U M GASES AT UTILITY GAS P L A N T S , 1963 E D N . , N A T I O N A L F IRE
CODES II 59-1 TO 59-48, N A T I O N A L FIRE PROTECTION ASSOC. , BOSTON
(1964J/ /API S T A N D A R D 2510. DESIGN AND C O N S T R U C T I O N OF LIQUEFIED
P E T R O L E U M G A S I N S T A L L A T I O N A T M A R I N E A N D PIPELINE T E R M I N A L S ,
N A T U R A L G A S PROCESSING PLANTS, REFINERIES, A N D T A N K F A R M S , 2 N D
E D N . , A M . P E T R O L . INST. , N S W Y O R K (1965J/ /API R P 2000. G U I D E F O R
V E N T I N G ATMOSPHERIC A N D L O W - P R E S S U R E STORAGE VESSELS, 2 N D E D N . ,
AM. P E T R O L . INST. , NEW Y O R K (1965)// API RP 500. R E C O M M E N D E D
P R A C T I C E "FOS C L A S S I F I C A T I O N OF A R E A S FOR ELECTRICAL I N S T A L L A T I O N S




ESSO RESEARCH AND ENGINEERING CO., LINDEN, N.J.
JOURNAL PROCEEDINGS -
PETROL. REFINER VOL U4, NO. 5, 195-8 (MAY 1965)
OTHER INFORMATION -
OOOU PAGES, 0000 FIGURES, 0000 TABLES, 0010 REFERENCES
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LIQUEFIED NATORAL GAS
by
K E L L Y , C . I .
00/00/58
S E C U R I T Y CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestricted Unlimited S u m m a r y Good/Excel.
- A B S T R A C T -
THIS SERIES OF A R T I C L E S ON L I Q U E F I E D N A T U R A L GAS, W R I T T E N IN 1958,
R E V I E W S THE HISTORY OF P R A C T I C A L D E V E L O P M E N T S IN THE L I Q U E F A C T I O N
OF N A T U R A L GAS, THE STORAGE AND R E G A S I F I C A T I O N OF THE LIQUID, THE
P E R F O R M A N C E O F S T O R A G E V E S S E L S FOR L I Q U E F I E D N A T U R A L GAS IN L A N D
I N S T A L L A T I O N S , 1.3. THOSE W H I C H H A V E A C T U A L L Y B E E N DESIGNED, BUILT
AND USED, THE D E S I G N OF A S T O R A G E AND R E G A S I F I C A T I O N P L A N T W H I C H
HAS NOT BUILT, THE D E S I G N OF S T O R A G E VESSELS FOR I N L A N D W A T E R
TRANSPORT, BUILT BUT NOT U S E D , THE D E S I G N OF S T O R A G E VESSELS FOR
SEA T R A N S P O R T IN A C O N V E R T E D T A N K E R , THE CHARACTERISTICS OF
N A T U R A L GAS. IT IS P R I M A R I L Y OF HISTORICAL INTEREST AT THIS TIME.
I T S ' E N D U R I N G V A L U E , H O W E V E R , LIES I N T H E C O N S I D E R A B L E D E T A I L . W I T H
WHICH THE SUBJECT M A T E R I A L IS COVERED. A P P R E C I A B L E ATTENTION IS
GIVEN TO THE EAST OHIO GAS C O M P A N Y LNG P L A N T DISASTER IN
C L E V E L A N D , OHIO ON OCTOBER 20 , 1944 W H E R E M A N Y PEOPLE H E R E KILLED
A N D I N J U R E D A N D G R E A T PROPERTY D A M A G E W A S I N C U R R E D . EVENTS L E A D I N G
UP TO THIS INCIDENT ARE R E T O L D AND THE I N V E S T I G A T I V E BODYS (U.S .
B U R E A U O F M I N E S ) CONCLUSIONS A N D R E C O M M E N D A T I O N S A R E PRESENTED.
- P E R T I N E N T F I G D R E S -
FIG.2 A SITE P L A N , S H O W I N G DISPOSITION OF VESSELS, B U I L D I N G S ,
ETC., EAST OHIO GAS C O M P A N Y , C L E V E L A N D , OHIO, P A G E 123//FIG.3 THE
CIRCLE OF A 1/4 MI R A D I U S E N C L O S E S THE A R E A OF PROPERTY TOTALLY OH
S E R I O U S L Y D A M A G E D B Y T H E C L E V E L A N D L.S. A N D R . P L A N T DISASTER,
EAST OHIO GAS C O M P A N Y , C L E V E L A N D , O H I O , P A G E 124//FIG;i LIQUID GAS
H O L D E R . D I A G R A M M A T I C SKETCH S H O W I N G G E N E R A L F E A T U R E S O F SPHERICAL
STORAGE T A N K , EAST OHIO GAS C O M P A N Y , C L E V E L A N D , OHIO, PAGE
179//FIG.2 VERTICAL CROSS-S ECT ION OF NO. 4 T A N K , EAST OHIO GAS
C O M P A N Y , C L E V E L A N D , OHIO, P A G E 180//FIG.4 VERTICAL CROSS-SECTION
OF NO. 4 T A N K S H O W I N G DETAILS OF I N N E R AND OUTER VESSELS AND
WOODEN POSTS ON R I N G F O U N D A T I O N S , EAST OHIO GAS COMPANY,
C L E V E L A N D , OHIO, PAGE 180
-SOURCE INFORMATION-
J O U R N A L PROCEEDINGS -
PETROL. TIMES (1958)
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SECURITY CLASS ACCESS L E V E L REPORT CLASS ENTRY E V A L .
D/Onrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
THIS P A P E R .PRESENTS A P H Y S I C A L DESCRIPTION OF THE S U B M E R G E D
ELECTRIC MOTOR D R I V E N C E N T R I F U G A L P U M P AS DEVELOPED BY THE J. C.
C A R T E R C O M P A N Y FOR THE LNG I N D U S T R Y . THE METHOD OF U S I N G SOHE OF
THE P U M P E D LNG TO COOL THE MOTOR AND P R O V I D E L U B R I C A T I O N FOR THE
BEARINGS IS S H O W N . P E R F O R M A N C E IS DISCUSSED. S E V E R A L PROBLEMS
PECULIAR TO THE USE OF C E N T R I F U G A L P U M P S IN LNG SERVICE ARE
DISCUSSED. THESE COVER SUCH ITEMS AS THE H A Z A R D S OF FLASH-BACK AND
THE PROBLEMS OF LO» FLOW O P E R A T I O N .
. - ' -PERTINENT FIG'URES- . •
FIG. 1 LNG C A R G O U N L O A D I N G P U M P , P A G E 97//FIG.2 STAGE LNG
BEGASIFIER P U M P FOR M O U N T I N G IN A SUCTION POT, P A G E 98
-SOURCE I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
CARTER {J . C.) CO. , C O S T A K E S A , CALIF.
J O U R N A L P R O C E E D I N G S -
A M E R I C A N G A S ASSOC. O P E R A T I N G SECTION D I S T R I B U T I O N CONF. ,
(PHOC. OF) 1968. PAPER NO. 68-D-28
OTHER I N F O R M A T I O N -
0003 PAGES, 0002 FIGURES, 0000 TABLES, 0000 R E F E R E N C E S
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MAKING, HANDLING AND STORING LIQUEFIED NATURAL GAS
by
A B A D I E , V. H.
01/17/66
S E C U R I T Y CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestr ic ted Unl imi ted S u m m a r y Acceptable
-ABSTHACT-
THIS A R T I C L E DIVIDES AN LNG P L A N T INTO ITS BASIC E L E M E N T S - GAS
T R E A T M E N T , L I Q U E F A C T I O N , S T O R A G E A N D V A P O R I Z A T I O N - A N D B R I E F L Y
D E S C R I B E S T H E E Q U I P M E N T I N V O L V E D A N D T H E F U N C T I O N O F E A C H M A J O R
C O M P O N E N T . P E A K - S H A V I N G A N D B A S E - L O A D P L A N T S A R E G E N E R A L L Y
D E F I N E D , WITH T H E S A L I E N T F E A T U R E S A N D C H A R A C T E R I S T I C S O F E A C H
TYPE NOTED.
- P E R T I N E N T FIGURES-
FIG. 1 BASIC- E L E M E N T S OF A LIQtJEFIED N A T U R A L GAS P E A K - S H A V I N G
P L A N T , . PAGE 151//FIG.2 C A S C A D E D V A P O R - C O M P R E S S I O N LIQUEFACTION
P L A N T , PAGE -152//FIG.3 E X P A N S I O N - T U R B I N E ALSO PRODUCES
R E F R I G E R A T I O N , P A G E 153//FIG.U M O D I F I E D CASCADE CYCLE FOR
LIQUEFACTION, PAGE 1 5U//FIG. 5 F R O Z E N E A R T H C A V I T Y FOR LNG STORAGE,
P A G E 154
- B I B L I O G R A P H Y -
A M E H I C A N G A S A S S N . , L N G I N F O R M A T I O N BOOK, M A Y 1965//EA K I N , B . E . , E T
AL. , BELOH G R O U N D S T O R A G E OF L I Q U E F I E D N A T U R A L GAS IN PRESTRESSED
C O N C R E T E T A N K S , INSTITUTE OF GAS T E C H N O L O G Y T E C H N I C A L REPORT NO.
8, A M E R I C A N GAS ASSN. 196 3//ELLIOTT, M. A.,. ET A L . , REPORT ON
INVESTIGATION OF FIRE AT L I Q U E F A C T I O N , STORAGE AND REGASIFICATION
PLANT OF EAST OHIO GAS CO., CLEVELAND, OCT 20, 19U4, U.S. B U R E A U
OF MINES REPORT OF I N V E S T I G A T I O N NO. 3867//LIQOID N A T U R A L GAS -
CHARACTERISTICS AND B U R N I N G B E H A V I O R , CONCH M E T H A N E SERVICES,
1962//PETSINGER,R.E. , H A N K E , C . C . , DESIGN OF 9 PERCENT NICKEL STEEL
LUG STORAGE TASKS, ASME PAPER NO. 65-PET-U7, AOG 1965//
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U . S . A . S T A N D A R D S FOR D E S I G N AND C O N S T R U C T I O N OF LNG
I N S T A L L A T I O N S
b y
H A N K E , C . C .
00/00/69
S E C U R I T Y CLASS ACCESS L E V E L R E P O R T C L A S S E N T R Y E V A L .
U/Onrestricted Unlimited Summary Good/Excel.
- A B S T R A C T -
I N T H E U N I T E D STATES, I N D U S T R I A L A N D P U B L I C W O R K I S U N D E R T A K E N I N
A C C O R D A N C E W I T H A P P L I C A B L E CODES. M O S T S T A T E A N D F E D E R A L C O D E S U S E
A S - T H E BASIS F O R THEIR R E G U L A T I O N S S T A N D A R D S I S S U E D I N T H E U N I T E D
STATES BY THE API, A S T H , N F P A OR U S A S I . F O R T U N A T E L Y , T H E R E IS A
R E A S O N A B L E D E G R E E O F U N I F O R M I T Y T H A T EXISTS B E T W E E N V A R I O U S S T A T E
CODES SO T H A T P L A N T DESIGN R E Q U I R E M E N T S FOR USE IN D I F F E R E N T
G E O G R A P H I C A L A R E A S D O N O T V A R Y T O A N Y G R E A T E X T E N T . CODES B E C O M E
L E G A L D O C U M E N T S W I T H T H E F O R C E O F L A W I N T H E U N I T E D STATES W H E N
T H E Y H A V E B E E N O F F I C I A L L Y A D O P T E D BY E I T H E R OUR FEDERAL OR S T A T E
G O V E R N M E N T S , THEREFORE., T H E I R U S E BECOMES B I N D I N G - A S SPECIFICALLY
DEFINED I N EACH CASE. S T A N D A R D S A R E 'NOT G E N E R A L L Y BIDING B Y L A W ,
H O W E V E R , IF NOT P A R T OF A CODE, ARE O F T E N U S E D TO F O R M P A R T S OF
THE CONTRACTUAL SPECIFICATIONS OF A G I V E N PROJECT. THIS PAPER
PROVIDES A R E S U M E OF U.S. S T A N D A R D S AND CODES APPLICABLE TO THE
DESIGN AND CONSTRUCTION OF LNG FACILITIES.
N E S T F I G U R E S -
T A B . 2 L N G PLANT M I N I M U M S P A C I N G A N D L O C A T I O N R E Q U I R E M E N T S NFPA N O .
5 9 A S T A N D A R D , P A G E 7//TA3. 3 A C C E P T A B L E P L A T E A N D S T R U C T U R A L
M A T E R I A L S FOR API S T A N D A R D 620, A P P E N D I X Q LNG T A N K S , P A G E
11//TAB.U A L L O W A B L E DESIGN STRESSES FOR PLATE AND STRUCTURAL
M E M B E B S API S T A N D A R D 620, A P P E N D I X Q LNG T A N K S , PAGE 12
- B I B L I O G R A P H Y -
NFPA S T A N D A R D MO. 59A//API S T A N D A R D 620, A P P E N D I X Q//API S T A N D A R D
251OA// NFPA NO. 70 N A T I O N A L ELECTRICAL CODE//ASME BOILER AND
PBESSOBE VESSEL CODE //ASA B31.3 P E T R O L E U M R E F I N E R Y PIPING CODE
-SOORCE I N F O R M A T I O N -
COBPOBATE SOURCE -
CHICAGO BRIDGE AND IRON CO., ILL.
J O O B N A L PROCEEDINGS -
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PROGBESS IN R E F R I G E R A T I O N SCIENCE AND TECHNOLOGY, 267-81
(1969) (PBOC. OF THE I N T E R N A T I O N A L CONGRESS OF REFRIGERATION,
12TH, MADRID, SPAIN, AUG 30-SEP 6, 1967). PAPER NO. 1.18
PUBLISHER -
INTERNATIONAL INST. OF R E F R I G E R A T I O N
OTHER I N F O R M A T I O N -
0013 PAGES, 0005 FIGDRES, 0004 TABLES, 0000 REFERENCES
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LIQUID NATURAL GAS/CHASACTERISTICS AND BURNING BEHAVIOB
-ABSTRACT-
THIS R E P O R T S U M M A R I Z E S T H E P E R T I N E N T R E S U L T S O B T A I N E D FROM T H E
U.S. B U R E A U O F M I N E S S M A L L - S C A L E TESTS A T 3 R U C E T O N , P E N N S Y L V A N I A ,
A N D T H E L A R G E - S C A L E TESTS A T L A K E C H A R L E S , L O U I S I A N A . I N C L U D E D A R E
SECTIONS O N A N A L Y S I S O F P H Y S I C A L P R O P E R T I E S , T H E M A X I M U M B A Z A R D
ASSOCIATED W I T H " V A P O R I Z A T I O N OF L N G , F I X I N G OF LNG V A P O R S WITH
AIR, AND B U R N I N G RATES, R A D I A T I O N T'SSTS, PLASE SHAPE, FIRE
E X T I N G U I S H M E N T , TEST C O N C L U S I O N S , S T O R A G E O F L N G S A F E T Y
A D V A N T A G E S , A N D S T O R A G E S P A C I N G P R A C T I C E S . T H E L A Y O U T , C O N T E N T A N D
COLOR P H O T O G R A P H S O F T H E D O C U M E N T A R E E X C E P T I O N A L L Y WELL D O N E .
- P E R T I N E N T F I G U R E S -
FIG. 4 EFFECT OF T E M P E R A T U R E ON THE SPECIFIC G R A V I T Y OF M E T H A N E
V A P O R , P A G E 8//FIG.6 V A P O R I Z A T I O N R A T E OF LNG A F T E R S P I L L A G E INTO
A N I R O N T R A Y O N W A R M I N S U L A T I N G S U R F A C E S , P A G E 9//FIG.10A EFFECT
OF POOL DIAMETER ON L I N E A R B U R N I N G R A T E , P A G E 13//FIG.10B EFFECT
OF POOL D I A M E T E R ON HEIGHT B U R N I N G R A T E , P A G E 13//FIG.11 R E L A T I O N
B E T W E E N B U R N I N G R A T E S AND T H E H O C H E M I S T 8 Y OF FUELS', P A G E 1V/TAB.I
C O M P A R I S O N OF COMBUSTION C H A R A C T E R I S T I C S OF M E T H A N E WITH THOSE OF
OTHEB FUELS, P A G E 6 '
- 8 I B L I O G H A P H Y -
B U H G E S S , D . A N D Z A B S T A K I S , M . , FIRS A N D EXPLOSION B A Z A H D S ASSOCIATED
W I T H L I Q U E F I E D N A T U R A L G A S , B U R E A U O F H I N E S REPORT O F
INVESTIGATION NO. 6C99// B i J R G O Y J s f i , J .H . AND R I C H A R D S O N , J. F. , FIRE
A N D E X P L O S I O N RISKS A S S O C I A T I O N W I T H L I Q U I D M E T H A N E , FUEL X X V I I - 2 ,
PAGES 37-U2 (19<48) / /BURGO Y S E , J . H. , PRINCIPLES OF EXPLOSION
P R E V E N T I O N , C H E M I C A L E N G I N E E R I N G 157-161, A P R I L 1961
-SOURCE I N F O R M A T I O N -
COBPORATE SOURCE -
CONCH M E T H A N E SERVICES, LTD., L O N D O N , E N G L A N D
OTHER INFORMATION -
0020 PAGES, 0015 FIGURES, 0003 TABLES, 0000 REFERENCES
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted NTIS Incremental Good/Excel.
- A B S T R A C T -
AN I N V E S T I G A T I O N OF THE H A Z A R D OF SPILLAGE OF LIQUEFIED N A T U R A L
GAS (LNG) ONTO W A T E R IS DESCRIBED. ABOUT 2,000 GALLONS OF LNG W E R E
C O N S U M E D IN V A R I O U S TESTS. THE INITIAL V A P O R I Z A T I O N RATE OF LNG
F O L L O W I N G SPILLAGE WAS FOUND TO BE 0.037 LB/FT(2) SEC, W H E N THE
SPILL HAS CONFINED, THIS VAPORIZATION RATE HAS MODERATED AFTER
ABOUT 20 SECONDS BY THE G R O W T H OF AN ICE L A Y E R ON THE HATER
S U R F A C E , W H E N "THE SPILL WAS U N C O N F I N E D , A COHERENT ICE FLOE WAS
NOT OBSERVED AND THE" V:APORIZ ATION R A T E WAS ESSENTIALLY TIHE
I N D E P E N D E N T . THE M A X I M U M D I A M E T E R ( IN FEET) OF THE SPREADING LNG
POOL HAS F O U N D TO BE GIVEN BY 6.25 W ( 0 ) (1/3), W H E R E H{0) IS THE
H E I G H T OF LNG IN POUNDS. D O W N W I N D OF A N A T U R A L GAS SOURCE,
T I M E - A V E R A G E D H E T R A N E C O N C E N T R A T I O N S HERE GIVEN I N GOOD
A P P R O X I M A T I O N B Y S T A N D A R D A I R POLLUTION E Q U A T I O N S . H O W E V E R , P E A K
C O N C E N T R A T I O N S W E R E A S MUCH A S T H E N T Y F O L D HIGHER T H A N AVERAGE,
A D D I N G AN A D D I T I O N A L FACTOR TO THE ASSESSMENT OF H A Z A R D . THE
EFFECT OF L A Y E R I N G BY THE C O L D V A P O R I Z E D N A T U R A L GAS WAS S I M I L A R
TO THE EFFECT OF A T E M P E R A T U R E I N V E R S I O N ON N O R M A L GASES IN THE
A T M O S P H E R E . SMALL-SCALE E X P L O S I O N S W E R E O B S E R V E D O N P O U R I N G L N G
ONTO A W A T E R S U R F A C E , NO S I N G L E E X P L A N A T I O N SEEMS P E R T I N E N T TO ALL
OF THE INCIDENTS O B S E R V E D .
- P E R T I N E N T F I G U R E S -
FIG.3 V A P O R I Z A T I O N ' O F LNG ON W A T E R , PAGE U//FIG. U HEAT T R A N S F E R TO
L I Q U I D M E T H A N E A N D T O L N ( 2 ) FROM CONDUCTIVE W A R M SURFACES, P A G E
5//FIG.6 POOL D I A M E T E R AS F U N C T I O N OF T I M E AFTER LNG SPILLS ON
W A T E R , PAGE 7//FIG.7 M A X I M U M D I A M E T E R S A N D D U R A T I O N S O F L N G SPILLS
O N W A T E R , P A G E 7//TAB.1 O B S E R V E D E V A P O R A T I O N RATES A N D CALCULATED
H E A T F L U X E S IN SPILLAGE OF C R Y O G E N S , PAGE 5//TAB.8 C A L C U L A T E D
V A P O R I Z A T I O N RATES IN L A R G E SPILLS, PAGE 15
-BIBLIOGRAPHY-
B U R G E S S , D . S . A N D Z A B E T A K I S , H . G . , F IRE A N D EXPLOSION H A Z A R D S
416
ASSOCIATED W I T H L I Q U E F I E D N A T U R A L GAS. B U M I N E S HEPT. O F I N V . 6099,
1962, 33 PP// SCIANCE,C. r . , C O L V E R , C . P . AND SLIEPCEVICH,C. M., POOL
BOILING O F M E T H A N E B E T W E E N A T M O S P H E R I C PBESSORE A N D CRITICAL
P R E S S U R E . ADV. C R Y O G E N I C E N G . , V. 12, 1967, PP 3 9 5 / / M E R T E , H . , J R .
A N D C L A R K , J . A . , B O I L I N G H E A T T R A N S F E R W I T H C R Y O G E N I C FLUIDS A T
S T A N D A R D , F R A C T I O N A L , A N D N E A R - Z E R O G R A V I T Y . T R A N S . A S M S , SEP. C ,
V . 8 6 , 1964, P P 3 5 1 - 3 5 9 / / P A R K E R , R . A N D S P A T A , J . , D O W N W I N D T R A V E L
OF V A P O R S F R O M L A R G E POOLS OF C R Y O G E N I C L I Q U I D S . P R O C . FIRST
I N T E R N A T . CONF. ON L.NG, A P R . 7-12, 1968 (EDITED AND P R O D U C E D BY
I N S T I T U T E OF GAS T E C H N O L O G Y , CHICAGO, ILL . « ) / / W E L K E R , J.R . ,
W E S S O N , H . R . AND S L I E P C E V I C H , C . M . , LNG SPILLS. TO B U R N OR NOT TO
B U R N . PRES. A T T H E DISTRIBUTION C O N F E R E N C E O P E R A T I N G SECTION,
A M E R I C A N G A S ASSOCIATION, INC. , P H I L A D E L P H I A , P A . , M A Y 12-15,
1969, A V A I L A B L E F R O M A U T H O R S , 1215 W E S T H E I M E R D R I V E , N O R M A N , O K L A .
73069
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
B U R E A U O F MINES, P I T T S B U R G H , P A . S A F E T Y R E S E A R C H CENTER
R E P O R T N U M B E R -
RI-7448
OTHER I N F O R M A T I O N -
0030 PAGES, 0017 F I G U R E S , 0008 T A B L E S , 0015 R E F E R E N C E S
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keys 14698 through 1H700
PRODUCTION, STORAGE AND HANDLING OF LIQUEFIED NATURAL GAS
(LNS) STANDARD FOR THE
-ABSTRACT-
THIS S T A N D A R D OUTLINES BASIC METHODS OF EQUIPMENT FABRICATION AND
INSTALLATION AS WELL AS OPERATING PRACTICES FOR PROTECTION OF
PERSONS AND P R O P E R T Y AND PROVIDES G U I D A N C E TO ALL PERSONS
C O N C E R N E D WITH THE C O N S T R U C T I O N AND OPERATION OF E Q U I P M E N T FOR THE
PRODUCTION, STORAGE, AND H A N D L I N G OF LIQUEFIED N A T U R A L GAS (LNG) .
IT IS RECOGNIZED THAT A D V A N C E M E N T IN E N G I N E E R I N G AND I M P R O V E M E N T S
I N EQUIPMENT M A Y RESULT I N EQUIPMENT F A B R I C A T I O N METHODS A N D
O P E R A T I N G PRACTICES W H I C H DIFFER FROM THOSE SPECIFICALLY C A L L E D
FOR IN THIS S T A N D A R D . Y E T , SUCH D E V I A T I O N S OR I M P R O V E M E N T S MAY
P R O V I D E D E S I R A B L E S A F E T Y A N D C O M P A T I B L E O P E R A T I O N M E E T I N G T H E
I N T E N T OF THIS S T A N D A R D . SUCH D E V I A T I O N S MAY BE ACCEPTED W H E N THE
A U T H O R I T Y H A V I N G J U R I S D I C T I O N HAS M A D E A SPECIAL I N V E S T I G A T I O N OF
ALL FACTORS A N D , BASED ON SOUND E X P E R I E N C E AND E N G I N E E R I N G
J U D G M E N T , CONCLUDES T H A T THE PROPS ED DEVIATIONS M E E T THE INTENT OF
THIS S T A N D A R D . W H E R E E X I S T I N G PLANTS, EQUIPMENT, BUILDINGS,
STRUCTURES AND INSTALLATIONS M E E T THE APPLICABLE D E S I G N ,
FABRICATION OR CONSTRUCTION LAYOUT PROVISIONS OF THE EDITION OF
THIS S T A N D A R D IN EFFECT AT THE T I M E OF I N S T A L L A T I O N , T H E Y MAY BE
C O N T I N U E D IN USE P R O V I D E D T H E Y DO NOT C O N S T I T U T E A D I S T I N C T • H A Z A R D
TO LIFE OR A D J O I N I N G P R O P E R T Y . SPECIFIC SUBJECTS C O V E R E D BY THE
S T A N D A R D A R E PROCESS SYSTEMS-, L N G STORAGE C O N T A I N E R S , VAPORIZERS,
PIPING SYSTEMS A N D COMPONENTS, I N S T R U M E N T A T I O N A N D ELECTRICAL
SERVICES, T R A N S F E R SYSTEMS, A N D FIRE PROTECTION A N D SAFETY.
- P E R T I N E N T F I G U R E S -
FIG.4-1 M A X I M U M F I L L I N G V O L U M E F O R P R E S S U R E C O N T A I N E R S , PAGE 2 2
-SOURCE I N F O R M A T I O N -
CGRPO-RATE S O U R C E -
N A T I O N A L F I R E PROTECTION A S S O C I A T I O N , BOSTON, MASS.
R E P O R T N U M B E R -
N F P A 59A-1972
O T H E R I N F O R M A T I O N -
0057 PAGES, 0005 F I G U R E S , 0002 T A B L E S , 0001 R E F E R E N C E S
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
a/Unrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
THE SAFETY ASPECTS OF N A T U R A L GAS VEHICLES ARE E X A M I N E D BY A
S Y S T E M SAFETY A P P R O A C H , W H I C H IDENTIFIES S E V E N P R O B L E M AREAS
R E Q U I R I N G C A R E F U L E N G I N E E R I N G A N D O P E R A T I O N A T T E N T I O N . THESE A R E A S
A R E R E V I E W E D * , A N D C O N T R A S T E D WITH G A S O L I N E PRACTICE. W H E N
P R O P E R L Y DESIGNED, M A I N T A I N E D , A N D O P E R A T E D , T H E N A T U R A L G A S
V E H I C L E S A N D THEIR F U E L I N G E Q U I P M E N T S H O U L D B E A S S A F E O R S A F E R
T H A N GASOLINE-FUELED C O U N T E R P A R T S . T H E E X P A N D E D U S E O F N A T U R A L G A S
FOR A U T O M O T I V E FUEL L E A D S TO R E D U C T I O N OF P O L L U T I O N AND POTENTIAL
COST S A V I N G S . (*1. THE U N F J R E D PR-ESSURE VESSEL P R O B L E M , 2. THE
FIRE AND EXPLOSION P R O B L E M , 3 . THE G A R A G E P R O B L E M , U. THE ACCIDENT
P R O B L E M , 5. THE C O M P O N E N T F A I L U R E ' PROBL EM , 6 . . T H E FILLING PRO-BLEB,
7. THE R E P A I R P R O B L E M . )
- P E R T I N E N T FIGURES-
FIG. 1 FUEL SYSTEM C O M P O N E N T S , C O M P R E S S E D N A T U R A L GAS, P A G E
2//FIG.2 F U E L SYSTEM C O M P O N E N T S , LIQUEFIED N A T U R A L GAS, P A G E
2//FIG.3 M A X I M U M POSSIBLE P R E S S U R E D E V E L O P E D BY A M E T H A N E - A I R
M I X T U R E B U R N I N G IN A VENTED E N C L O S U R E , P A G E 5//FIG.5 T A N K FOR
LIQUEFIED N A T U R A L GAS, P A G E 5//TAB. 1 FUNCTIONS C O N S I D E R E D IN
SYSTEM SAFETY A N A L Y S I S , P A G E 3//TAB.2 H A Z A R D LIST - S A M P L E PAGE,
PAGE U
-SOURCE I N F O R H A T I O N -
COBPORATE SOURCE -
B N V I H O N M E N T A L TECHNOLOGY AHD E C O N O M Y , i O O D L A N D HILLS, C1LIF.
JOURNAL PROCEEDINGS -
ASHE PRESSURE VESSELS AND PIPING CONF., (PRES. AT) SAN
FRANCISCO, CALIF., MAY 10-2, 1971. PAPER 71-PVP-62
OTHER I N F O R M A T I O N -
0008 PAGES, 0005 FIGURES, 0002 TABLES, 0001 REFERENCES
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keys 1873U through 18739
HOW TO USE LNG SAFELY
by
HISSMILLER, I .L .
HATTOCKS,E.O.
03/00/72
SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Onlimited Summary Acceptable
-ABSTRACT- .
THIS ARTICLE, IN V A R I O U S SECTIONS, DISCUSSES TYPICAL LNG
L I Q U E F A C T I O N A N D S T O R A G E P L A N T DESIGN A N D CONSTRUCTION RITR
EMPHASIS ON THE R E Q U I R E M E N T S OF N F P A NO. 59A S T A N D A R D AS IT
RELATES TO SUCH INSTALLATIONS. INCLUDED ARE G E N E R A L SECTIONS ON
THE LNG STORAGE T A N K AND ASSOCIATED PIPING, OTHER FACILITY PIPING
AND V A L V I N G , IHPOUNDING A R E A S AND D R A I N A G E TO COLLECT AND CONTAIN
ANY POTENTIAL SPILLAGES, LIQUEFACTION AND PURIFICATION EQUIPHENT,
SENDODT P U M P S AND V A P O R I Z E B S , FACILITY FIRE PROTECTION, AND A
DISCUSSION OF T R A N S P O R T . E Q U I P M E N T . A L T H O U G H THE C O V E R A G E IS B R O A D
' A N D R A T H E R SUPERFICIAL, THE P A P E R SHOULD BE OF G E N E R A L INTEREST TO
THE INITIATE INTO THIS A R E A OF TECHNOLOGY. .
- P E R T I N E N T FIGURES-
FIG. 3 LNG S T O R A G E T A N K ( S H O W S C O N S T R U C T I O N D E T A I L S ) , PAGE 29
- B I B L I O G R A P H Y -
N F P A N O . 5 9 A S T A N D A R D
-SOURCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
CHICAGO B R I D G E A N D I R O N CO. , ILL.
J O U R N A L PROCEEDINGS -
P I P E L I N E GAS J. VOL 199, NO. 3, 28-32 ( M A R 1972)
OTHER I N F O R M A T I O N -
0005 P A G E S , 0009 F I G U R E S , 0000 TABLES, 0000 REFERENCES
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keys 187U2 through 18746
THE DESIGN AND OPERATION OF LUG SHIPS WITH REGARD TO SAFETY
by
F I L S T E A D , J R . , C . G .
02/00/72
SECURITY CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestricted Unl imi ted S u m m a r y Good/Excel.
-ABSTRACT-
A L T H O O G H THE C A R R I A G E OF L I Q U E F I E D N A T U R A L GAS AT SEA IS A
S P E C I A L I Z E D T R A D E , THE GAS ITSELF IS C O N S I D E R E D BY THE A U T H O R TO
B E N O M O R E D A N G E R O U S T H A N O T H E R V O L A T I L E P E T R O L E U H D E R I V A T I V E S .
H O W E V E R , AS THIS T R A D E HAS O N L Y BEEN D E V E L O P E D OVER THE LAST 20
Y E A R S OR SO, IT HAS B E E N POSSIBLE TO I N C O R P O R A T E M A N Y SAFETY
F E A T U R E S IN THE C O N S T R U C T I O N OF T H E S E SHIPS F R O M THE B E G I N N I N G ,
R A T H E R THAN W A I T I N G FOR A S E R I O U S A C C I D E N T TO S H O W UP A W E A K N E S S
IN THE P A R T I C U L A R DESIGN. THIS HAS LED TO A V E B Y GOOD S A F E T Y
RECOBD WITH THESE SHIPS AND THIS A R T I C L E , A B S T R A C T E D FROM A P A P E R
PRESENTED BY MR. C. G. F I L S T E A D JR, OF CONCH M E T H A N E SERVICES
LTD., BEFORE T H E I N T E R N A T I O N A L T A N K E R . SAFETY C O N F E R E N C E HELD . B Y
THE' I N T E R N A T I O N A L C H A M B E R OF SHIPPING, DESCRIBES THE G E N E R A L
DESIGN AND O P E R A T I O N OF LNG SHIPS WITH R E G A R D TO THE SAFETY
FACTOR.
- P E R T I N E N T FIGURES-
T A B . 1 A L T E R N A T I V E D E S I G N S OF V A R I O U S LNG SHIPS IN O P E R A T I O N OR
U N D E R C O N S T R U C T I O N , P A G E 2 6 0
- B I B L I O G R A P H Y -
G R A Y , R . C . AND JOHNSON, L. , THE DESIGN AND CONSTRUCTION OF LIQUEFIED
GAS C A R R I E R S , N O R T H EAST COAST INSTITUTION OF E N G I N E E R S AND
SHIPBUILDERS, DEC 7, 1 970//B U R G O Y N E , J. H. AND RICHARDS ON, J. F. , FIRE
A N D EXPLOSION BISKS ASSOCIATED W I T H LIQUID M E T H A N E . I M P E R I A L
COLLEGE OF SCIENCE AND T E C H N O L O G Y , LONDON. APR 1948//ROOKE, D. E.
AND FILSTEAD,C. G. , SIX YEARS O P E R A T I O N A L E X P E R I E N C E WITH M E T H A N E
PBINCESS, M E T H A N E PROGRESS. LNG 2 C O N F E R E N C E , PARIS, OCT 1970
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E SOURCE -
CONCH M E T H A N E SERVICES LTD. , L O N D O N , E N G L A N D
J O U R N A L PROCEEDINGS -
SHIPPING W O R L D S H I P B U I L D E R VOL 165, NO. 3866, 259-62 (FEB
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key 11956
SEDUCING BOIL-OFF FROM C R Y O G E N I C LIQUIDS
-ABSTRACT-
THE R A T E OF EVAPORATION OF A CRYOGENIC LIQUID STORED IN A L A R G E
T A N K CAN BE CONSIDERABLY R E T A R D E D BY FLOATING A CLOSELY PACKED
L A Y E R OF HOLLOW P O L Y P R O P Y L E N E BALLS ON ITS SURFACE. THIS IS THE
CONCLUSION REACHED IN A SPECIAL STUDY OF BALL B L A N K E T S M A D E AT
S O U T H H A M P T O N U N I V E R S I T Y ON B E H A L F OF THE GAS COUNCIL , USING LIQUID
N I T R O G E N AS THE C R Y O G E N I C M E D I U M . THE REPORT ON REDUCTION OF
E V A P O R A T I O N OF C R Y O G E N I C LIQUIDS PROTECTED BY BALL B L A N K E T S STATES
THAT THE BALLS ARE EFFECTIVE BY VIRTUE OF THE FACT THAT THEY
S U B S T A N T I A L L Y R E D U C E THE HEAT FLUX INCIDENT ON THE S U R F A C E OF THE
LIQUID. IT ALSO P O I N T S OUT THAT THE ECONOMIC FEASIBILITY OF THE
BALI B L A N K E T S Y S T E M DEPENDS O N T H E M A G N I T U D E O F T H E S U R F A C E H E A T
FLUX IN C O M P A R I S O N WITH OTHER H E A T
T H R O U G H T H E W E T T E D A R E A O F T H E
T H E R E F O R E LIKELY TO BE R E L A T I V E L Y
PLANTS. THIS REPORT SUGGESTS THE
N I T R O G E N OR LIQUID M E T H A N E . THE
F L U X E S E N T E R I N G T H E LIQUID
T A N K W A L L . T H E S A V I N G S A R E
G R E A T E S T ON W E L L - E N G I N E E R E D
CONCEPT FOR STORAGE OF LIQUID
USE OF P O L Y P R O P Y L E N E ON THE
SURFACE OF LIQUID O X Y G E N W O U L D CONSTITUTE A SEVERE FIRE H A Z A R D ,
• . - P E R T I N E N T FIGURES-
FIG. 5 E V A P O R A T I O N R A T E FROM L N ( 2 ) - S U R F A C E AS A FUNCTION OF THE
N U M B E R L A Y E R S OF ALLPIAS BALLS USED, PAGE 87//FIG. 6 P E R C E N T A G E OF
R A D I A T I O N R E A C H I N G THE LN (2) S U R F A C E AS A FUNCTION OF THE N U M B E R
OF L A Y E R S IN THE BALL B L A N K E T , P A G E 87
- B I B L I O G R A P H Y -
B O A R D M A N , J . , L Y N A M , P . , AND S C U R L O C K , R . G . REDUCTION OF
E V A P O R A T I O N O F C R Y O G E N I C L I Q U I D S U S I N G F L O A T I N G H O L L O W
P O L Y P R O P Y L E N E B A L L S , PROC ICEC3, B E R L I N 1970//PROBEFT, S. D.
T H E R M A L I N S U L A T I O N I N R E L A T I O N T O C R Y O G E N I C S , T H E R E A C T O R G R O U P ,
HQ R I S L E Y , H A R R I N G T O N , L A N C S , TRG REPORT 1455 ( R / X ) ( H M S O ) / / A L L E N
AND VAN P A A S S E N , PROC A D V A N C E IN C R Y O G E N I C E N G I N E E R I N G VOL 6 , 5U8
(1960)
- S O U R C E I N F O R M A T I O N -
J O U R N A L P R O C E E D I N G S -
C R Y O G E N I C S VOL 11, NO. 1, 85-7 (FEB 1971)
O T H E R I N F O R M A T I O N -
0003 PAGES, 0006 FIGURES, 0000 TABLES, 0003 R E F E R E N C E S
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keys 187U7 through 18749
H H A T H A P P E N S W H E N LNG SPILLS
by
C R O U C H , H . W .




ACCESS L E V E L
Unlimited
REPORT CLASS
S u m m a r y
ENTRY E V A L .
Good/Excel.
-ABSTRACT-
THIS PAPER B R I E F L Y R E V I E W S T H E D E V E L O P M E N T O F L N G T E C H N O L O G Y ,
CITES A N U M B E R OF M I S C O N C E P T I O N S R E G A R D I N G L N G , AND R E V I E W S
I N F O R M A T I O N O N T H E B E H A V I O R O F L N G D U R I N G A N D AFTER SPILLS.
- P E R T I N E N T FIGURES-
FIG. 1 C U T A W A Y OF A H E T H A N E T A N K E R C A R G O T A N K , PAGE
V A P O R I Z A T I O N R A T E OF LNG SPILLED ON L A N D , P A G E
C O N C E N T R A T I O N PROFILE D.OHN H I N D FROM L'NG SPILL ON
212//FIG.2
213//FIG.3
L A N D , PAGE
213//F1G.4 T E M P E R A T U R E OF. H E T H A N E - A I R M I X T U R E S , PAGE 214-
- B I B L I O G R A P H Y -
W E L K E B , J . R . , WESSON, H. R. AND
1969 AGA O P E R A T I N G SECTION
A N D Z A B E T A K I S , M . G . , U.S.
(1962}/ /BURGESS,D.S. , H U R P H Y ,
INVESTIGATION M 1 P R HO. Z-700
PREPARED FOR U.S. COAST G U A R D
AND Z A B E T A K I S , M . G . , U.S. B
1970//KATZ,D. L. AND SLIEPCEV
240 (1971) / /NAKANISHI ,E . AND
(12) , 36 (1971)
SLIEPCEVICH,C.M. , PAP. 69-D-23 OF THE
DISTRIBUTION CONFERENCE/ /BURGESS,D.S .
B U R . M I N E S , REP. INVEST. 6099
J . N . AND Z A B E T A K I S , M . G . , F I N A L R E P O R T
99-9-92317, U.S. B U R E A U OF MINES,
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U/Dnrestricted Unlimited Summary Acceptable
- A B S T R A C T -
THIS ABSTRACT CONSTITUTES A P P R O X I M A T E L Y O N E - H A L F OF THE TOTAL
ARTICLE. C L A S S I F I C A T I O N R U L E S OF THE A M E R I C A N B U R E A U OF SHIPPING
A R E U S U A L L Y B A S E D UPON S E R V I C E E X P E R I E N C E R E P R E S E N T I N G M A N Y
SHIP-YEARS OF OPERATION BY V A R I O U S O W N E R S . THE B U R E A U S RULES ARE
I N T E N D E D TO ESTABLISH M I N I M U M R E Q U I R E M E N T S FOR THE CONSTRUCTION OF
HULLS AND M A C H I N E R Y , AND ARE C O N T I N U O U S L Y UNDER R E V I E W TO REFLECT
HIGH S T A N D A R D S R E Q U I R E D BY THE M A R I N E I N D U S T R Y . S U R V E Y OF THE
VESSELS D U R I N G CONSTRUCTION REQUIRES C A R E F U L E X A M I N A T I O N OF
FABRICATION AND TESTING OF THE LWG SYSTEM COMPONENTS. OPERATIONAL
TESTS FOR C A R G O - H A N D L I N G P R O C E D U R E S AND EQUIPMENT PRIOR TO
D E L I V E R Y ARE O B S E R V E D C A R E F U L L Y . . BEFORE THE VESSEL. CAN BE
P R E S E N T E D F O R M A L L Y TO THE CLASSIFICATION • COMMITTEE, THE SUCCESSFUL
D I S C H A R G E OF A C A R G O MUST H A V E B E E N W I T N E S S E D AND REPORTED UPON.
THE B U R E A U HAS CONSIDERED M A N Y PROPOSALS FOR LNG C A R R I E R S . THE
O V E R A L L SAFETY OF E X I S T I N G AND PROPOSED LNG SYSTEMS IS M A I N T A I N E D
B Y R E Q U I R I N G THAT T H E R A T E O F CRACK P R O P A G A T I O N A N D L E A K A G E B E
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-ABSTRACT-
I N L A R G E FLAT BOTTOM L N G T A N K S , T A N K P R E S S U R E R E S P O N D S T O
VARIATIONS IN THE VAPOR W I T H D R A W A L BATE AND THE CONDITION OF THE
S U R F A C E L A Y E R L I Q U I D . R A W D A T A F R O M A N U M B E R O F D I F F E R E N T PLANTS
I S P R E S E N T E D A N D C O R R E L A T E D .
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10//FIG.U P R E S S U R E HISTORIES FOR TWO SHUT-IN STORAGE T A N K S , PAGE
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PAGE 13
- B I B L I O G R A P H Y -
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-ABSTRACT-
A B O V E G R O U N D METAL S T O R A G E T A N K S H A V E E V O L V E D F R O M E X P E R I E N C E I N
THE S T O R A G E OF P E T R O L E U M PRODUCTS O V E R THE PAST HALF C E N T U R Y . THE
V A R I O U S E L E M E N T S M A K I N G UP THE LNG STORAGE T A N K S ARE DESCRIBED AND
C O M P A R E D WITH S I M I L A R DETAILS OF P R O V E N STORAGE CONCEPTS. THE
I N H E R E N T SAFETY A N D " SUCCESSFUL OPERATING P E R F O R M A N C E OF
A B O V E G R O U N D , M E T A L LNG T A N K S ARE DUE IN L A R G E M E A S U R E TO THIS




FIG. 1 STIFFENED SELF-SUPPORTING ROOF, PAGE V/FIG.2 FREE BODY -
TOP PORTION LNG T A N K , P A G E 5//FIG.'3 DETAIL ROOF-TO-SHELL J U N C T U R E ,
P A G E 6//FIG.5 S T R A I N A N D R O T A T I O N O F BOTTOM-TO-SHELL J U N C T U R E ,
P A G E 8//FIG.6 C R Y O G E N I C A B O V E G R O U N D D O U B L E WALL I N S U L A T E D L N G
T A N K , PAGE 12
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HITH H O R E T H A N THREE Y E A R S O F SUCCESSFUL O P E R A T I N G E X P E R I E N C E N O W
COMPLETED, THIS PAPER R E V I E W S THE M O R E SIGNIFICANT PROBLEMS
E N C O U N T E R E D AND SOLUTIONS E M P L O Y E D IN O P E R A T I O N OF THE A L A S K A TO
J A P A N L N G PROJECT. E A R L I E R P A P E R S P R E S E N T E D A T T H E FIRST A N D
S E C O N D I N T E R N A T I O N A L C O N F E R E N C E S O N L N G C O V E R E D D E S I G N , S T A R T U P
AND E A R L Y O P E R A T I O N A L E X P E R I E N C E OF THE PROJECT. THIS P A P E R
DISCUSSES IN SOME DETAIL THE S I G N I F I C A N T SPECIFIC P E R F O R M A N C E
HISTORY OF THE L I Q U E F A C T I O N P L A N T AND SHIPS AS A SEQUEL TO THE
E A R L I E R PAPERS, T H U S " R O U N D I N G OUT THE COMPLETE STOBY OF THIS
PROJECT FROM . INITIAL P L A N N I N G AND DESIGN T H R O U G H ITS SUCCESSFUL
C O N T I N U I N G O P E R A T I O N A L HISTORY.
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-ABSTRACT-
THE CONDITIONS W H I C H PRODUCE E X P L O S I O N S W H E N LNG IS SPILLED ON
H A T E R A T A M B I E N T T E M P E R A T U R E H A V E B E E N ISOLATED A N D VERIFIED
E X P E R I M E N T A L L Y . IT IS S H O W N THAT EXPLOSIONS CAN O N L Y OCCUR WITH
AGED LNG WHICH C O N T A I N S LESS T H A N 40 MOLE PERCENT METHANE. CONTACT
B E T W E E N WATER AND LNG W I F H M O R E THAN 40 HOLE P E R C E N T METHANE
PRODUCES N O R M A L V A P O R I Z A T I O N . F U R T H E R M O R E , EXPLOSIONS WILL NOT
OCCUR IF THE MOLE RATIO OF P R O P A N E TO E T H A N E IN THE LNG IS 1 TO 3
OB G R E A T E R . THE EXPLOSIVE I N T E R A C T I O N B E T W E E N A LIQUEFIED GAS AND
WATER IS C A U S E D BY THE R A P I D P H A S E T R A N S F O R M A T I O N AND VIOLENT
E X P A N S I O N OF A THIN L A Y E R OF S U P E R H E A T E D LIQUEFIED GAS AT THE
LIQUEFIED G A S - W A T E R I N T E R F A C E . NO B U R N I N G . OR CHEMICAL REACTION IS
I N V O L V E D . THE S U P E R H E A T I N G O C C U R S D U R I N G A SHORT DELAY TIME, ON
THE O R D E R OF ONE SECOND, B E T W E E N W A T E R CONTACT AND THE EXPLOSION.
THE CONDITIONS FOR EXPLOSIONS, WHICH ARE M A I N L Y FUNCTIONS OF THE
T E M P E R A T U R E AND COMPOSITION OF THE LIQUEFIED GAS AND THE
T E M P E R A T U R E O F T H E W A T E R , H A V E B E E N D E T E R M I N E D EXPERIMENTALLY F O R
S E V E R A L PURE L I Q U E F I E D GASES A N D L I Q U E F I E D G A S M I X T U R E S .
- P E R T I N E N T FIGURES-
TAB. 2 LIQUEFIED GAS S P I L L A G E ON W A T E R , PAGE 12//FIG.3 VAPOR
E X P L O S I O N C O M P O S I T I O N A L ENVELOPE FOR M E T H A N E PLUS E T H A N E PLUS
P R O P A N E M I X T U R E S , P A G E 15//FIG.9 M O L E PERCENT M E T H A N E AS A
FUNCTION OF V O L U M E R E M A I N I N G IN T A N K , PAGE 21//FIG. 11 M I N I M U M
SPILL SIZE TO R E A C H E X P L O S I V E COMPOSITION B E F O R E B R E A K - U P OF L N G ,
P A G E 23//FIG.12 T I M E D E L A Y TO VAPOR E X P L O S I O N S , P A G E 24// FIG. 14
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L I N E C O R P O R A T I O N , R E S E A R C H A N D D E V E L O P M E N T L A B O R A T O R Y , TECHNICAL
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1971, PP. 3 6 - U 1 / / E N G E R , T . , LNG SPILLAGE ON H A T E R . III. S P R E A D I N G
A N D V A P O R I Z A T I O N M O D E L F O R A N I N S T A N T A N E O U S SPILL, SHELL PIPE L I N E
C O R P O R A T I O N , R E S E A R C H A N D D E V E L O P M E N T L A B O R A T O R Y , T E C H N I C A L
PROGRESS REPORT NO. 6-72, APRIL 1 9 7 2 / / B A D M E I S T E R , E . G . , ET A L . ,
A N O M A L O U S B E H A V I O R O F L I Q U I D - N I T R O G E N DROPS I N FILM B O I L I N G ,
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-ABSTRACT-
E X P L O S I O N S O F L N G I N HATER W H I C H H A V E C A U S E D R E C E N T C O N C E R N I N T H E
T R A N S P O R T A T I O N I N D U S T R Y A R E I D E N T I F I E D A S V A P O R EXPLOSIONS.
VARIOUS ASPECTS OF V A P O R EXPLOSIONS ARE S U M M A R I Z E D . P A R T I C U L A R
E M P H A S I S IS P L A C E D ON M E T H O D S OF E V A L U A T I N G THE DESTRUCTIVE
KINETIC E N E R G Y R E L E A S E FROM A SPECIFIED ACCIDENT. A T H E O R E T I C A L
M E T H O D OF C A L C U L A T I N G THE M A X I M U M D E S T R U C T I V E E N E R G Y IS OUTLINED
AND C O M P A R E D WITH M E A S U R E D V A L U E S FOR M E D I U M SIZE INTERACTIONS (50
KG OF HOT L I Q U I D ) . E X T R A P O L A T I O N OF THIS T H E O R E T I C A L A P P R O A C H TO
LARGE SIZE I N T E R A C T I O N S PREDICTS V E R Y L A R G E SHOCK W A V E ' E N E R G I E S .
PRACTICAL C O N S I D E R A T I O N S . W H I C H M A Y REDUCE T H E A C T U A L SHOCK H A V E
E N E R G Y BELOW THAT P R E D I C T E D I N A N EXPLOSION A R E M E N T I O N E D .
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FIG. 1 R A T E L I M I T E D M O D E L , P A G E 9
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SPILLAGE I N M A R I N E T R A N S P O R T A T I O N , U.S. DEPT. O F I N T E R I O R , B U R E A U
OF M I N E S R E P O R T S-4105, FEB (1 970) / /KATZ,D. L. , S LIEPCEVICH,C. M. ,
LNG/WATER EXPLOSIONS. CAUSE AND EFFECT, HYDROCARBON PROCESSING,
N O V (1971) / /LIPSETT,S .G. , E X P L O S I O N S F R O M MOLTEN M A T E R I A L S A N D
W A T E R , FIRE T E C H N O L O G Y VOL 2, BOSTON (1966) PP. 118-126
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T H E F E D E R A L R E P U B L I C O F G E R M A N Y HAS, D U R I N G T H E R E C E N T Y E A R S , B E E N
T H E S C E N E O F L A R G E - S C A L E C O N V E R S I O N F R O M CITY G A S T O N A T U R A L G A S
WITHIN T H E N A T I O N A L G A S D I S T R I B U T I O N N E T W O R K S . T O C O V E R P E A K G A S
R E Q U I R E M E N T S , S T O R A G E SYSTEMS F O R L I Q U E F I E D N A T U R A L G A S H A V E , F O R
S O M E C O N S I D E R A B L E T I M E , B E E N P R O J E C T E D A N D BUILT. A C O M P A R I S O N O F
T H E S A F E T Y - E N G I N E E R I N G I N D E X D A T A O F M E T H A N E WITH O T H E R
H Y D R O C A R B O N S P R O V E S T H A T N A T U R A L GAS IN GASEOUS AS W E L L AS IN
B Y N O B E A N S , M O R E D A N G E R O U S T H A N O T H E R
O U T L I N E D H E R E I N W H A T L A W S , DIRECTIVES A N D
BE COMPLIED W I T H ' IN THE CON-STR UCTION OF
L N G - S Y S T E M S IN WEST G E R M A N Y . THIS. . PRESENTATION IS BA'SED ON THE
E X A M P L E OF THE L N G - S T O R A G E S Y S T E M C O N S T R U C T E D BY THE LINDE-KOPPER 'S
CONSORTIUM FOR TECHNTSCHE B E R K S DER STADT S T U T T G A R T AG OF
STUTTGART, WEST G E R M A N Y . THE REPORT IS F I N A L I Z E D BY A BEVIEH OF
T H E QUESTIONS I N V O L V E D WITH I N S T R U M E N T A T I O N , A U T O M A T I O N A N D
S A F E G U A R D I N G OF LNG-SYSTEMS.
LIQUEFIED CONDITION IS,
COMBUSTIBLE G A S E S . IT IS
SPECIFICATIONS H A V E TO
- P E R T I N E N T F I G U R E S -
FIG. 1 BASIC D I A G R A M O F A W L N G P L A N T , P A G E 3//FIG.2 S A F E T Y D E V I C E S
A T O N E L N G S T O R A G E U N I T , P A G E 7//TAB.1 S A F E T Y D A T A O N I N F L A M M A B L E
GASES A N D VAPOURS, P A G E U / / T A B . 2 IGNITION GROUPS A N D EXPLOSION
CLASSES, P A G E 5
- B I B L I O G R A P H Y -
TUTTON,B.C . , LIQUID N A T U R A L GAS. STORAGE AND SEA TRANSPORT, THE
CHEMICAL ENGINEER 36-40 (1965) M A R C H / / S A F E T Y DATA ON I N F L A M M A B L E
GASES AND V A P O U R S , COMPILED FOR THE PHYSIKALISCH-TECHNISCHE
B U N D E S A N S T A L T B R A U N S C H W E I G , BY K. N A B E R T AND G. SCHOEN, SECOND
E N L A R G E D EDITION, BERLIN, 1963, DEUTSCHER E I C H V E R L A G GMBH,
BESLIN//LIQUEFIED N A T U R A L GAS AT UTILITY GAS PLANTS, ISSUED BI
SATIOSAL FIRE PROTECTIOS ASSOCIATION, BOSTOH, 1967
-SOURCE I N F O R M A T I O N -
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INCREASING TRANSPORT OF .INPL AKR&BLS CARGO LIKE LPG AND IN FUTURE
TO A LARGER EXTENT LNG ON INLAND WATERWAYS THROUGH DENSELY
POPULATED AREAS AND ALONGSIDE INDUSTRIAL PLANTS AND NUCLEAR POWER
STATIONS REPRESENTS A RISK FACTOR WHICH SHOULD BE DEFINED AS
EXACTLY AS POSSIBLE BY MODEL CONCEPTIONS IS ORDEE TO POSSIBLY TAKE
CARE FOR THE NECESSARY PRECAUTIONS. DUE TO THE CONSIDERABLE
TRAFFIC DENSITY ON WEST GERMAN WATERWAYS THE DANGER OP COLLISION
AND .SUBSEQUENT LEAKAGE OF GAS TANKERS IS ES-PEQIALLY HIGH, THIS
PAPEB IS PART OF 'A. SAFETY INVESTIGATION AND DISPLAYS CONDITIONS
AND DEVELOPMENT OF. SUCH COLLISIONS AND THE SUBSEQUENT RELEASE OF
THE CARGO. IT INDICATES THAT THE TYPES OF SHIPS OPERATING THERE
HAY IN CASE OF COLLISION CAUSE SUCH. DAMAGE TO A GAS TANKER THAT
WITHIN A 7ERY SHORT PERIOD THE CARGO WILL ESCAPE AND, BY
VAPORIZATION OH THE WATER SURFACE, FORK AN EXPLOSIVE GAS CLOUD.
F I G . 1 F R E Q U E N C Y
FOR SHIPS B E L O W
- P E R T I N E N T F I G U R E S -
D I S T R I B U T I O N ' OF IBP ACT SPOTS A L O N G THE SHIP L E N G T H
100 M OF L E N G T H , P A G E 3
• -B.IBLIOGRAPHY-
BURGESS-, D.S., MURPHY, I. N. AND ZABETAKI S , M.G. , HAZARDS OF LUG
SPILLAGE IK MARINE TRANSPORTATION, SRC REPORT NO. S - 4105 (1970)
FES//NARTER, A. N. , SAFETY. CONSIDERATIONS IN THE DESIGN AND
CONSTRUCTION OP TANKERS FOR CRYOGENIC CARGOES, PRESENTED AT
MEETING OF THE GREATER LOS ANGELES CHAPTEH, .NATIONAL SAFETY
COUNCIL, 1971 MAY 1 2//NATION ftL TRANSPORTATION SAFETY BOARD RISK
CONCEPTS IN DANGEROUS GOODS TRANSPORTATION REGULATIONS, REPORT NO.
NTSB - STS - 71 - 1
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S E C U R I T Y CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Onrestricted Unlimited S u m m a r y .Good/Excel.
- A B S T R A C T -
I N SPITE O F M A N Y STUDIES A N D TESTING P R O G R A M S , C O N T R O V E R S Y STILL
EXISTS O V E R HOW TO BEST C O N T R O L LUG SPILL FIRES. W A T E R C U R T A I N S
A R E A M A J O R C O N T R O L M E A N S - A P P L I E D W H I L E T H E F I R E B U R N S ITSELF
O U T . BUT IN SOME O U T S I D E - U . S . I N S T A L L A T I O N S , H I G H - E X P A N S I O N F O A M
HAS BEEN USED WITH A HIGH LEVEL OF EFFECTIVENESS. U N I V E R S I T Y
E N G I N E E R S , TO C L A R I F Y SOilE QUESTIONS ABOUT THE USE OF
H I G H - E X P A N S I O N F O A M I N F I G H T I N G L N G SPILL FIRES, R A N E X T E N S I V E
TESTS .WITH THE F O L L O W I N G R E S U L T S . 1 . H I G H E X P A N S I O N FOAMS P R O V I D E
A D E Q U A T E CONTROL O F L N G FIRES A N D R E D U C E E X T E R N A L R A D I A T I O N
EFFECTS TO. SAFE L E V E L S B E Y O N D O N E - F O U R T H - OR MORE POOL D I A M E T E R S ;
2. THE 500.1 F O A M E X P A N S I O N RATIO A P P E A R S S U P E R I O R TO H I G H E R
EXPANSION RATIOS SUCH AS 750.1 OH 1000.1. 3. THE 500.1 FOAM
REDUCES STEADY STATE LNG E V A P O R A T I O N RATES. 4. THE 500.1 F O A M
INITIALLY PROVIDES A H A R K E D D E G R E E OF B U O Y A N C Y ( I N C R E A S E D BOIL-OFF
VAPOH T E M P E R A T U R E S ) TO THE BOIL-OFF VAPORS. THE BENEFIT PERIOD
DEPENDS ON THE F O A M DEPTH AND V A P O R BOIL-OFF R A T E SINCE THE
BOIL-OFF V A P O R S R E S U L T IN F R E E Z I N G OF THE F O A M B L A N K E T . THIS
B U O Y A N C Y EFFECT SILL R E D U C E T H E D O W N W I N D T R A V E L O F F L A M M A B L E
C O N C E N T R A T I O N S N E A R G R A D E L E V E L , RIGHT AFTER AN LNG SPILL. 5 . A
F O A M B L A N K E T AIDS I N E X T I N G U I S H I N G A N L N G FIRE W I T H D R Y C H E M I C A L S .
6 . U N I V E R S I T Y E N G I N E E R S D E S I G N C R I T E R I A FOR DRY C H E M I C A L FIRE
PROTECTION SYSTEMS ARE C O M P A T I B L E W I T H THE E X P E R I M E N T A L RESULTS
FROM 14 TEST SERIES USING S O D I U M B I C A R B O N A T E FOR E X T I N G U I S H M E N T .
7 . A D D I T I O N A L TESTS ARE N E E D E D ON L A R G E R FIRES AND AT L O W E R
APPLICATION R A T E S TO C O N F I R M LIMITED-SCALE DATA O B T A I N E D D U R I N G
THIS P R O G R A M .
-PEBIINENT FIGURES-
FIG. 1 B A D I A N T H E A T FLUX I N C I D E N T ON A VERTICAL SURFACE, P A G E
61//FIG.2 B A D I A N T HEAT FLDX INCIDENT ON A HORIZONTAL SURFACE, PAGE
62//FIG.4 EFFECTS OF FOAM E X P A N S I O N BATIO ON E X T E E N A L R A D I A T I O N
HEAT FLDX LEVELS, PAGE 63// FIG.5 EFFECTS OF FOAH EXPANSION BATIO
ON LNG FIBE CONTROL TIMES, P A G E 63// FIG.6 EFFECTS OP FOAM
E X P A N S I O N RATIO ON B U R N - B A C K TIMES, PAGE 64//FIG.7 EFFECTS OF DRY
CHEMICAL A G E N T AND APPLICATION R A T E ON THE TIME TO EXTINGUISH LNG
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AND C O N V E N T I O N A L LIQUID H Y D R O C A R B O N SPILL FIRES, PAGE 6U
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A P P R A I S A L . PART I , FIRE J O U R N A L ( J A N 1972)//PIPKIN,0. A. AND
SLIEPCEVICH,C. M. , EFFECT ON H I N D ON B U O Y A N T DIFFUSION FLAMES, I
AND EC F U N D A M E N T A L S , 3.1U7 ( 1 9 6 4 ) / / H E L K E R , J . R . AND
SLIEPCEVICH,C.H., BENDING OF W I N D - B L O W N FLAMES FROM LIQUID POOLS,
FIRE T E C H N O L O G Y , 2-127 (1966)// T H O M A S , P . H . , THE SIZE OF FLAMES
F R O M N A T U R A L FIRES, N I N T H S Y M P O S I U M ( I N T E R N A T I O N A L ) ON COMBUSTION,
THE COMBUSTION INSTITUTE, C O R N E L L UNIVERSITY { 19 62) / /WALLS, W .L . ,
NFPA GASES FIELD S E R V I C E E N G I N E E R , L N G . A FIRE SERVICE APPRAISAL.
PART II , FIRE J O U R N A L ( M A R 1972)
-SOURCE I N F O R H A T I O N -
CORPORATE SOURCE -
U N I V E R S I T Y ENGINEERS, INC. , N O R M A N , OKLA.
J O U R N A L PROCEEDINGS -
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OTHER INFORMATION -
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EXPLOSIVE S Y S T E M S C O N T A I N I N G L I Q U I D O X Y G E N - L I Q D I D
O X Y G E N - L I Q U I D M E T H A N E M I X T U R E S
by
5 r R E N G , A . G .
K I R S H E N B A U M , A . D .
OU/00/59
SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
THIS P A P E R P R E S E N T S R E S U L T S OF A P R O G R A M TO TEST THE EXPLOSION
C H A R A C T E R I S T I C S O F T H E S Y S T E M L I Q U I D M E T H A N E I N L I Q U I D O X Y G E N ,
M E T H A N E I S N E A R L Y C O M P L E T E L Y N I S C I B L E I N L I Q U I D O X Y G E N S O T H A T
M I X T U R E S O F V A R Y I N G C O M P O S I T I O N COULD B E TESTED. T H E E X P L O S I V E
LIMITS, E N E R G I E S , AND V E L O C I T I E S OF V A R I O U S M I X T U R E S OF 6-80 M O L E
P E R C E N T O F M E T H A N E H E R E M E A S U R E D . T H E MOST E X P L O S I V E M I X T U R E H A S
O N E C O N T A I N I N G 3 3 P E R C E N T . M E T H A N E . T H E R E S U L T S H E R E C O M P A R E D WITH
C A L C U L A T E D DATA F O R D E T O N A T I O N VELOCITIES A N D H I T H E X P E R I M E N T A L
D A T A FROM E L S E H H E R E . T H E C A L C U L A T E D V A L U E S F O B T H E L I Q U I D M I X T U R E S
H E R E S Y S T E M A T I C A L L Y H I G H E R ' . T H A N T H E M E A S U R E D V A L U E S . T H E
E X P E R I M E N T A L - G A S E O U S VELOCITIES FROM R E F E R E N C E S 3 AND 6 W E R E
C O N S I D E R A B L Y AS IS TO BE E X P E C T E D . THE S E N S I T I V I T Y TO IMPACT,
F L A M E , SHOCK H A V E A N D S P A R K H A S D E T E R M I N E D F O R T H E 3 3 P E R C E N T
C H ( 4 ) - 6 7 P E R C E N T 0 ( 2 ) M I X T U R E .
- P E R T I N E N T F I G U R E S -
FIG.1 B R I S A N C E S E T U P P A G E 128//FIG.2 STEEL TEST P L A T E S A F T E R
D E T O N A T I O N O F 1 0 0 - G R A M C H A R G E S P A G E 129//FIG.3 E X P L O S I V E CELL F O R
M E A S U R I N G D E T O N A T I O N V E L O C I T I E S B Y R O T A T I N G M I R R O R P A G E 129/ /FIG.U
TYPICAL R O T A T I N G - M I R H O R P I C T U R E O F L I Q U I D M E T H A N E - L I Q U I D O X Y G E N
D E T O N A T I O N P A G E 130//FIG.5 D E T O N A T I O N VELOCITIES OF L I Q U I D AND
GASEOUS C H { < 4 ) & 0 ( 2 ) M I X T U R E S P A G E 130// TAB. 1 E X P L O S I V E R A N G E OF
L I Q U I D C H ( 4 ) - L I Q U I D 0 ( 2 ) M I X T U R E S A N D EFFECT O F V A R Y I N G C H ( 4 ) T O
0 ( 2 ) RATIO ON BRISANCE P A G E 128//TAB.2 EXPLOSIVE LIMITS OF
M E T H A N E - O X Y G E N M I X T U R E S P A G E 129//TAB.3 C O M P A R I S O N OF E X P E R I M E N T A L
A M D THEORETICAL DETONATION RATES O F LIQUID O X Y G E N - L I Q U I D H E T H A N E
M I X T U R E S P A G E 129
- B I B L I O G R A P H Y -
CAMPBELL, F.C. , LITTLE, H.B. , H HITHORT H, C. , PROC. ROY. SOC. ( L O N D O N )
137, 380 ( 1 9 3 2 ) / / C O O K , M . A . , J. C H E M . PHYS. 15, 518 ( 1 9 U 7 ) , 16,
1081 (19U8) / /LEWIS,B. , E L B E , G . VON, C O M B U S T I O N FLAMES AND
EXPLOSIONS OF GASES, P. 584 (H. B. D I X O N S D A T A ) , A C A D E M I C P R E S S ,
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(U .S .S .R . ) 15, 525 (1941) / /GROSSE, A .V . , K I H S H E N B A O N , A . D . ,
S T R E N G , A . G . , J. AH. C H E M . SOC. 79, 6341 ( 1 9 5 7 ) / / K I R S H E N B A U M , A. D. ,
F I N A L REPORT ON F U N D A M E N T A L STUDIES OF NEW EXPLOSIVE R E A C T I O N S FOR
OFFICE OF O R D N A N C E R E S E A R C H , C O N T R A C T NO. DA-36-034-ORD-1489,
PROJECT NO. TB20001 (916) , R E S E A R C H INSTITUTE OF TEMPLE U N I V E R S I T Y ,
APRIL 30, 1956/ /MORRISON,R.B. , D N I V . OF M I C H I G A N REPT. UHM-97 , 99
( J A N U A R Y , 1952)//NATL. BUR. S T A N D A R D S , CIRC. C-461 (1947) , C-564
( 1 9 5 5 ) / / P A Y H A N , H . , J . C H E M . SOC. 1919, 1436// P A Y M A N , W . ,
H H E E L E R , R . V. , FUEL 8, 4 (1 92 9 ) / / T A Y L O R , J. , D E T O N A T I O N IN C O N D E N S E D
EXPLOSIVES, PP. 54 -110 / /CLARENDON PRESS, O X F O R D , E N G L A N D , 1952
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- A B S T R A C T -
THIS I S A R E V I E W O F M A J O R A N D T Y P I C A L M I N O R M I S A D V E N T U R E S
I N V O L V I N G C R Y O G E N I C F L U I D S . T H E N A T U R E A N D C O N S E Q U E N C E S O F
I N C I D E N T S A R E D E S C R I B E D A N D E X T R A P O L A T E D T O P O T E N T I A L I N C I D E N T S
I N V O L V I N G L A R G E R Q U A N T I T I E S O R A L T E R N A T E C I R C U M S T A N C E S . M E T H A N E ,
O X Y G E N A N D H Y D R O G E N H A V E B E E N I N V O L V E D I N M A J O R EPISODES.
LIQUEFIED AIR, I N E R T A T M O S P H E R I C GASES A N D H E L I U M H A V E ALSO B E E N
I N V O L V E D IN M I S H A P S IN C O M M E R C I A L AND L A B O R A T O R Y PRACTICE. THE
D E V E L O P M E N T O F R A T I O N A L O P E R A T I O N A L P R O C E D U R E S C A N B E P R O P E R L Y
I N F L U E N C E D BY A K N O W L E D G E OF A C C I D E N T S . THIS R E Q U I R E S A C C U R A T E
I N F O R M A T I O N ON ACCIDENTS TO .BE M A D E PUBLIC AS P R O M P T L Y AS THE
FACTS PERMIT . R E F E R E N C E S ARE G I V E N FOR A. N U M B E R OF ACCIDENT
REPORTS USED T O ' I L L U S T R A T E T Y P I C A L * H A Z A R D S I N V O L V E D WITH T H E
H A N D L I N G OF C R Y O G E N I C FLUIDS.
- P E R T I N E N T F I G U R E S -
FIG. 1 A G E N E R A L VIE» OF THE S ITE OF THE L I Q U E F I E D M E T H A N E FACILITY
T A K E N M O N T H S A F T E R T H E I N C I D E N T , P A G E 155//FIG.2 T H E R A P I D
P R E S S U R E RISE A N D T H E R M A L SHOCK O F V A P O R I Z I N G C R Y O G E N , P A G E
155//FIG.3 S A M P L E HOLDER T H A T W A S I M M E R S E D I N L I Q U I D N I T R O G E N ,
P A G E 155//FIG.4 SECTION OF A P A R T L Y C H A R R E D W O O D E N FLOOR, PAGE
156//FIG.5 A V I E W OF THE O X Y G E N P L A N T AFTER THE EXPLOSION, P A G E
156
- B I B L I O G R A P H Y -
BARNES, 6. E., BRAIDECH, M. H. , AND DONALDSON, K. H. , REPORT OF
THE TECHNICAL C O N S U L T A N T S B O A R D OF I N Q U I H Y FOR THE EAST OHIO GAS
COMPANY FIRE, C L E V E L A N D , OHIO (JULY, 1945) - F R O M THE P R I V A T E
COLLECTION OF M A T H E H M. BBAIDECH//REPORT ON THE EAST OHIO GAS
COMPANY EXPLOSION AND C O N F L A G R A T I O N , CLEVELAND, OHIO, BY THE
N A T I O N A L BOABD OF FIRE U N D E R W R I T E R S , NEW Y O R K , AND THE OHIO
INSPECTION B O R E A O , COLUMBUS, OHIO (OCTOBER 20, 1945)/ /LANG, A.,
CAUSES OF THE EXPLOSION OF AN AIR F H A C T I O N A T I O N P L A N T AND THE
LESSONS L E A R N E D FROM THE ACCIDENT, GESELLSCHAFT -POT? LINDES
E I S M A C H I N E N AG, W I E S B A D E N {1961) //BALL, W. L. , H A Z A R D LEVEL OF
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H Y D R O C A R B O N FILMS IN O X Y G E N SYSTEMS, A N N U A L MEETING OF THE
A M E R I C A N INSTITUTE O F C H E M I C A L E N G I N E E R S , A I R A N D A M M O N I A P L A N T
SYMPOSIA ( S E P T E M B E R , 1961)/ /CONKLIN, J. H. , NITROGEN iASH
INCIDENT, IN SAFETY IN AIR AND A M M O N I A PLANT, V O L U M E 3, CHEMICAL
E N G I N E E R I N G PROGRESS, V57(4) (APRIL, 1961)//BOLLEN, -. , SAFETY IN
AIR AND A M M O N I A PLANT, V2, P6-8, A M E R I C A N INSTITUTE OF C H E M I C A L
ENGINEERS (1960)// ZABETAKIS , M. G. , SAFETY WITH C R Y O G E N I C FLUIDS,
APPENDIX 2, P L E N U M , NEW YORK (1967)/ /NEA RY, R. M. , AIR-CONDENSING
CRYOGENIC FLUIDS, T R A N S . N A I N . SAF. C O N G R . , CHICAGO, (CHEMICAL
AND FERTILISER INDUSTRIES), V5, (1963)// E H R E N K R A N Z , T. E.,
PROJECT ROVER LIQUID H Y D R O G E N SAFETY - A FIVE-YEAR LOOK, ADV.
CRYOGEN. E N G N G , V12, PLENUM, NEW Y O R K (1967)/ /REPORT ON THE
INVESTIGATION OF EXPLOSION AND F I R E - E X P E R I M E N T A L HALL-CAMBRIDGE
E L E C T R O N A C C E L E R A T O R , C A M B R I D G E , MASSACHUSETTS ( J U L Y 5, 1965),
U N I T E D STATES ATOMIC E N E 8 3 Y C O M M I S S I O N , TID-22594 ( F E B R U A R Y ,
1966) / /EDESKUTY, F. J . , S A F E T Y P R O B L E M S AND SAFETY CODES
C O N C E R N I N G LIQUID H Y D R O G E N A N D L I Q U I D H E L I U M , P R O C E E D I N G S O F T H E
T W E L F T H I N T E R N A T I O N A L C O N 3 R E S S OF R E F R I G E R A T I O N , PAPER 1 .2U,
M A D R I D , SPAIN (1967) , TO BE P U B L I S H E D IN BULL. INT. INST.
REFRIG./ / E D E S K U T Y , F. J. , C R Y O G E N I C TECHNOLOGY EDITED BY R. W.
V A N C E , C H A P T E R 12, WILEY, NEW Y O R K ( 19 6 3 ) / / S T A N D A R D FOR STORAGE
AND H A N D L I N G OF LIQUEFIED N A T U R A L GAS AT UTILITY GAS PLANTS,
N A T I O N A L FIRE PROTECTION ASSOCIATION, N F P A NO. 59-A, BOSTON,
MASSACHUSETTS (1967)
-SOURCE I N F O R M A T I O N -
COfiPORATE SOURCE - '
LOS A L A M O S .SCIENTIFIC L A B . , N. MEX.
J O U R N A L P R O C E E D I N G S -
I N T E R N A T I O N A L C R Y O G E N I C E N G I N E E R I N G C O N F E R E N C E , PROCEEDINGS
O F T H E S E C O N D C O N F E R E N C E , B R I G H T O N , U N I T E D K I N G D O M , (7-10 M A Y
1968) 154-8 (1968)
P U B L I S H E R -
ILIFFE SCIENCE AND T E C H N O L O G Y PUBLICATIONS
OTHER I N F O R M A T I O N -
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DETECTION A N D M E A S U R E M E N T O F I N F L A M M A B L E V A P O U R S I N
A I R C R A F T
by
W Y E T H , H . K . G .
T I M M I N S , G . W .
09/00/65
SECURITY CLASS ACCESS L E V E L REPORT CLASS E N T R Y EV AL.
U/Other Govt . /Contr . S u m m a r y Good/Excel.
-ABSTRACT-
A STUDY IS M A D E OF THE F E A S I B I L I T Y OF D E T E C T I N G AND M E A S U R I N G
C O N C E N T R A T I O N S O F I N F L A M M A B L E V A P O U R W I T H I N C O M P A R T M E N T S O F
A I R C R A F T I N FLIGHT. T H E BASIC R E Q U I R E M E N T S A R E O U T L I N E D . A R E V I E W
IS M A D E OF P R O P E R T I E S OF I N F L A M M A B L E V A P O U R S T H A T M I G H T BE
EXPLOITED. M E N T I O N I S M A D E O F S O M E EXISTING I N S T R U M E N T S A N D
TECHNIQUES, A N D THEIR L I M I T A T I O N S F O R T H E PRESENT PURPOSE A R E
DISCUSSED. ESPECIAL EMPHASIS IS G I V E N TO T E C H N I Q U E S OF CATALYTIC
COMBUSTION A N D I O N I S A T I O N W H I C H WITH F U R T H E R D E V E L O P M E N T A R E
THOUGHT LIKELY TO "BE S U I T A B L E . THE A U T H O R S C O N C L U D E T H A T
TECHNIQ-UES BASED ON C A T A L Y T I C COMBUSTION OFFER THE MOST. HOPE OF
P R O V I D I N G T H E R E Q U I R E D I N S T R U M E N T . THEY ALSO C O N C L U D E THAT H I G H E R '
C O N C E N T R A T I O N S OF V A P O U R / A I R M O U L D BE HOST A C C U R A T E L Y DETECTED BY
M E A N S OF AN IONIZATION EFFICIENCY DETECTOR. THE P R I N C I P L E S
CONSIDERED IN THE STUDY ARE ABSORPTION, C A L O R I M E T R Y , S O U N D ,
DIELECTRIC C O N S T A N T , ELECTRICAL C O N D U C T I V I T Y , R E F R A C T I V E I N D E X ,
VISCOSITY, OSMOSIS, EFFUSION, C H R O M A T O G R A P R Y , MASS S P E C T R O M E T R Y ,
ULTRAVIOLET A N D I N F R A R E D S PECTROSCOPY, T H E R M A L C O N D U C T I V I T Y ,
COMBUSTION A N D I O N I Z A T I O N .
- P E R T I N E N T F I G U R E S -
FIG. 1 LIMITS OF I N F L A M M A B I L I T Y OF AIRCRAFT RUELS IN A T M O S P H E R I C
AIR, PAGE 47//FIG.2 EFFECT OF I N C R E A S E D T E M P E R A T U R E ON L O W E R
I N F L A M M A B I L I T Y LIMIT AT A T M O S P H E R I C PRESSURE, PAGE U8//FIG.3
EFFECT OF REDUCED P R E S S U R E ON L O W E R I N F L A M M A B I L I T Y LIMIT , PAGE
49//FIG.4 LIMITS OF I N F L A M M A B I L I T Y FOR AVTUR IN ATMOSPHERIC AIR
AND IB OXYGEH RICH AIR E V O L V E D FROM SOLUTION, PAGE 50//FIG.29
RESULTS FROM AN IONISATION E F F I C I E N C Y DETECTOR, PAGE 75
- B I B L I O G R A P H Y -
H. W. G. W Y E T H , R. E. M I L L E R , THE DETECTION AND M E A S U R E M E N T OF
O X Y G E N IN A I R C R A F T FUEL T A N K S , RAE TECH. NOTE. M E C H . E N G .
393/CPM.U1, N O V . 1963//J. A. M A C D O N A L D , R. G. WHITE, S P O N T A N E O U S
IGNITION OF K E R O S E N E ( A V T U R ) FUEL V A P O U R WITHIN A FOUR INCH
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CYLINDRICAL VESSEL, RAE TECH. NOTE. M E C H . ENG. 379, JUNE 1963//H.
M. SPIERS, TECHNICAL DATA ON FUEL, PUBLISHED BY THE BRITISH
NATIONAL COMMITTEE, WORLD POWER CONFERENCE, LONDON, 5TH EDITION,
1950//E. M. GOODGER, P. C A D M A N , I. T. A. H U R C H I E , PROTECTION OF
AIRCRAFT FUEL T A N K S A G A I N S T EXPLOSION HAZARDS USING INERT
COMBUSTION PRODUCTS, COLLEGE OF A E R O N A U T I C S REPORT NO. 85, OCT.
1955//E. H, C O L E M A N , PORTABLE A P P A R A T U S FOR DETECTING FLAHHABLE
GASES AND VAPOURS, BRITISH CHEMICAL E N G I N E E R I N G , M A R C H AND APRIL
1957//K. W I N T E R , PORTABLE A P P A R A T U S FOR THE U N D E R G R O U N D
D E T E R M I N A T I O N OF FIRE-DAMP IN BITUMINOUS COAL BINES, THE 8TH
I N T E R N A T I O N A L C O N F E R E N C E OF DIRECTORS OF SAFETY IN MINES RESEARCH,
DORTMUND-D, G E R M A N Y , 1954, P A P E R NO. 33, U.D.C. 622-U12
-SOURCE INFOBMATION-
CORPORATE SOURCE -
R O Y A L A I R C R A F T E S T A B L I S H M E N T , F A R N B O R O U G H , E N G L A N D
R E P O R T N U M B E R -
TR-65191//AD-477232
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Incremental Acceptable
-ABSTRACT-
THIS PAPER DESCRIBES A N D R E V I E W S T H E U S F E D E R A L G O V E R N M E N T S N E W
S T A N D A R D F O R SYMBOLS F O R H A Z A R D O U S M A T E R I A L S ( S T A N D A R D N O . 313 ) .
THE P U R P O S E OF THE S T A N D A R D IS TO R E Q U I R E U N I F O R M SYMBOLS AND
LABELS F O R P A C K A G E S A N D C O N T A I N E R S O F H A Z A R D O U S M A T E R I A L S SHIPPED
TO AND BY F E D E R A L A G E N C I E S . F IVE SPECIFIC H A Z A R D O U S AREAS ARE
IDENTIFIED-OXIDIZERS, ACIDS, ALKALIES, C O R 8 O Z I N E S AND W A T E R
REACTIVE M A T E R I A L S . I N A D D I T I O N T H E R E A R E T H R E E B R O A D H A Z A R D S
CATEGORIES - H E A L T H , FIRE AND I N S T A B I L I T Y ( R E A C T I V I T Y ) . E A C H OF
THESE LAST A R E F U R T H E R B R O K E N D O W N A S T O T H E D E G R E E O F T H E H A Z A R D
(THERE ARE FLVE D E G R E E S ) . C R Y O G E N I C FLUIDS ARE CLASS 4 OF
F L A f l M A B I L I T Y H A Z A R D S (CLASS 4 IS HIGHEST R I S K ) . THE S T A N D A R D
PROVIDES FOR A CODE TO BE USED ON THE LABEL.
- B I B L I O G R A P H Y -
SYMBOLS FOR PACKAGES AND C O N T A I N E R S FOR H A Z A R D O U S I N D U S T R I A L
C H E M I C A L S A N D M A T E R I A L S , F E D E R A L S T A N D A R D N O . 3 1 3 ( J U L Y 2 3 , 1971)
-SOURCE I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
J. CHEM. EDUC. VOL 49, NO. 3, A139- UO, 42, 44-5 ( M A B 1972)
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HOS TO CALCOLATE DENSITY OP LNG AT CRYOGENIC TEMPERATURES
-ABSTRACT-
THJS ARTICLE GIVES A S U M M A R Y OF A PAPER PRESENTED AT THE 2ND LNG
CONFERENCE AND GIVES A METHOD FOR CALCULATING THE LIQUID DENSITY
OF LNG MIXTURES. THE DENSITY IS GIVEN BY D = X (I) M (I)/X (I) V (I) -
XC OVEH THE R A N G E -1UO TO -185 DEGREES C. IT ALSO ASSUMES LESS
T H A N 5 PERCENT N2, 02 AND ISOPARAFFINS.
-PERTINENT FIGURES-
FIG. 1 M E T H A N E D E N S I T Y , P A G E 56//FIG.2 E X A M P L E
CALCULATION FOR A H Y P O T H E T I C A L L N G , PAGE 56//TAB. 1
OF I N D I V I D U A L COMPONENTS, P A G E 57//TAB.2 CORRECTION,
R E D U C T I O N OF LNG M I X T U R E S , P A G E 57
OF A D E N S I T Y
M O L A R VOLUMES
C, FOR VOLUME
-BIBLIOGRAPHY-
BOYLE,G, J . AND REECE,D. , SHELL RES E A R C H LTD. , CHESTER, E N G L A N D ,
CALCULATION OF DENSITIES OF LNG F R O M A K N O W N COMPOSITION, T A K E N
FROM THEIR P A P E R , BULK M E A S U R E M E N T OF LNG//KEYES, T A Y L O R AND
SMITH; THE T H E R M . O D Y N A H I C PROPERTIES OF M E T H A N E , j . M A T H . PHYS. VOL
1, PP 211-U2 (1922)//KLOSEK AND M C K I N L E Y , DENSITIES OF LNG AND OF
LOW-MOLECULAR-WEIGHT HYDROCARBONS, PROC. OF THE FIRST
I N T E R N A T I O N A L CONF. ON L N G , CHICAGO, ILL. (1968)// FUKS, LEGROS
A N D B E L L E M A N S , T H E MOLAR V O L U M E S O F LIQUID M E T H A N E A N D
D E U T E R O M E T H A N E , PHYSICA VOL 31, PP 606-12 (1 9 6 5 ) / / S H A N A A , LIQUID
D E N S I T Y AND EXCESS V O L U M E OF LIGHT H Y D R O C A R B O N S M I X T U R E S AT -165
D E G R E E S C AND AT S A T U R A T I O N P R E S S U R E , PH.D. DISSERTATION, UNIV. OF
O K L A H O M A (1966)// S I N O R , T H E SOLUBILITY P A R T I A L M O L A R V O L U M E A N D
DIFFUSIVITY OF H E L I U M IN L I Q U I D M E T H A N E , PH.D. DISSERTATION, U N I V .
OF K A N S A S (1965)
-SOURCE I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
OIL GAS J. VOL 69, NO. 3, 56-7 ( J A N 1971)
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Technology is reviewed on fire retardant flexible arethane
slabstock foam based on Mobay raw Materials Mondoir TD-80,
Hultranol 7100, special additives E-9200 and E-9402 with
Monsanto' s nonreactive fire retardant Phosgard 2XC20. Special
emphasis is also given to the self -extinguishing (S.E.) high
resilient foams that can be produced in different grades without
the use of any phosphorous halogen containing fire retardant. A
summary is presented of the major fire safety regulations
presently proposed as standards for home furnishings, carpets and
rugs, bedding, automotive interior components, aircraft
applications, and furnishings for offices and other public places,
Several flame retardant. foam grades are described as to their
suitability in satisfying the flammability specifications of the
standards for carpet underlay, automotive interior components,,
bedding, "and other 'applications. A' hig& resilient foam is also
described; they - offer latex like feel and are suitable for
luxurious seating and bedding applications. They can pass a wide
variety of flame tests without the use of any phosphorus halogen
containing fire retardant and have a very low flame spread.
-SOURCE INFOBMATION-
COBPOBATE SOURCE - .
HOBAY CHEMICAL CO., PITTSBURGH, PA.
JOUBNAL PBOCEEDINGS -
IN: ADVANCES IN FIEE BETABDANTSo PABT 1 (PROG. IN FIBE
BETABDANCY SEB., VOL. 2) ((SEE: F7300165)
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PEEVIOUS RESEARCH HAD SHOWN THAT AQUEOOS FILM-FORMING FOAM <AFFF)
IS APPROXIMATELY TWICE AS RAPID IN ACHIEVING CONTROL AND 2-1/2
TIMES AS RAPID IN ACHIEVING EXTINGUISHMENT AS PfiOTEIN FOAM.
HOWEVER, THERE WAS NO PERFORMANCE EVALUATION FOR HIGH-CEILING
SYSTEMS IN BUILDINGS SUCH AS AIRCRAFT HANGARS. TESTS iERE
CONDUCTED TO COMPARE AFFF AND PROTEIN FOAM IN A HIGH-CEILING TEST
BUILDING, THE FUEL USED SAS J'P-4 JET FUEL. THREE TYPES OF
SPRINKLER SYSTEMS SERE USED IN BOTH THE AFFF AND PROTEIN FOAM
TESTS: |1) THE GRINNELI FOAM/iATER-UPRIGHT; (2) THE GRINNELL
STANDARD SPRINKLER-UPRIGHT; AND (3) THE GRIMES OLD SYTLE
SPRINKLER-UPRIGBT. RESULTS SHOWED THAT THE GRINNELL STANDARD
SPRINKLER-DPRIGHT SAS SUPERIOR TO THE GRINNELL FGAM/SATEE-UPEIGHT,
PROBABLY DOE TO SORE EflECIIVE PLUME PENETRATION AFFORDED BY
HIGHER FOAM PARTICLE DENSITY. AFFF IS 1,3 TO- .1.6 TIMES QUICKER IN
SUPPRESSING A FIRE WHEN DISCHARGED THROUGH THE STANDARD SPRINKLER
SYSTEM THAN WHE-N DISCHARGED THBOUGH -A FOAM-HATER SYSTEM, AT
APPLICATION RATES OF 0.16 GPM/SQ. FT. IT WAS CONCLUDED THAT THE
CONTROL AND EXTINGUISHMENT OF FUEL FIRES USING AFFF DEPENDS NOT
ONLY ON APPLICATION RATE EUT ALSO ON THE TYPE OF DISCHARGING
DEVICE. IT WAS'ALSO FOUND THAT IT IS MORE EFFECTIVE TO APPLY THE
SUPPRESSANT DIRECTLY TO THZ BURNING FUEL SURFACE THAN TO DEPEND ON
FLOW OF A FOAM BLANKET INTO THE FIRE FROM THE PERIMETER,
-PERTINENT FIGURES-
FIG. 4 CONTROL AND EXTINGUISHMENT TIMES VS APPLICATION RATE FOE
LIGHT WATER AFFF AND PROTEIN FOAM PAGE 129
-SOURCE INFORMATION-
CORPORATE SOURCE -
FACTORY MUTUAL RESEARCH CORP., NORWOOD, MASS.
JOURNAL PROCEEDINGS -
FITCAA, FIRE TECHNOL, VOL. 9, NO. 2, 119-131 (MAY 1973)
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PRINCIPLES OF FIGHTING AIRCRAFT FIRES
by
L £* E f W « R o
09/00/68
-ABSTRACT-
THE FIRE FIGHTING -PHINCIPIES DSED BY THE PORT OF NEW YORK
AUTHORITY AT THE NEW YORK AIRPORTS ARE HADE FOR THE MOST SEVERE
CONDITIONS: THE LARGEST AIRCRAFT,, FDILY OCCUPIED, IN A BURNING
POOL OF HYDROCARBON FUEL. THREE MINo ARE ALLOWED FOR EMERGENCY
EQUIPMENT TO REACH AN AIRCRAFT DOWNED AT AN AIRPORT, THIS
CRITERION IS CONDITIONED EY THE REASONABLE FACTORS OF OPTIMUM
VISIBILITY AND SURFACE CONDITIONSo TWO BIN. ARE ALLOWED TO BRING
THE CRITICAL FIRE AREA' UNDO CONTROL,, IN ORDER TO RESCUE
PASSENGERS BEFORE FIRE REACHES THEM. EACH OF THE FIRE HOUSES AT
KENNEDY AIRPORT IS EQUIPPED WITH A 3,000 GALLON FOAM TRUCK, A
2,750 GALLON SUPPLEMENTALY FOAfl TRUCK, AND A QUICK RESPONSE
VEHICLE CARRYING 900 LB» OF PURPLE K POWDER AND 125 GALLONS OF
LIGHT WATER. THE HORST 'CASE FOR AN AIRCRAFT CRASH FIJtE WOULD
REQUIRE THE- CONTROL -IN 2 JHIN* OF AN AIRCRAFT 150 FT« LONG, WITH A
FUSELAGE DIA. OF 18 FT., AND A WING SPAN OF 40 FT. ON ' EACH SIDE^
TO-ESTABLISH CONTROL.-. A 2o4-?INc THICK BLANKET" OF FOAM.MUST BE
APPLIED AT 0*15 GPM/SQ,, FT> FOR 2 HIM. IN ORDER TO COVES THE TOTAL
AfiEA, 4,400 GALLONS OF FOAM MIXTURE WOULD BE REQUIRED, EXPANDED AT
A RATIO OF 8:1. AFTEB THE FIRE IS EXTINGUISHED, HAND LINES MOST BE
USED TO PATCH AND MAINTAIN THE FOAM BLANKET WHILE PASSENGERS ARE
BEHOVED, REQUIRING AN ADDITIONAL 2«,600 GALLONS OF FOAM*
-SOURCE INFCRHATION-
CORPORATE SOURCE -
POET OF NEW YORK AUTHORITY, NEW YORK.,
JOURNAL PROCEEDINGS -
FIENA2, FIRE ENG, VOL, 121, N0« 9, 114-115 (SEPT* 1968)
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LIFE SAFETY MEASUBES AND FIFE EXTINGUISHING AGENTS FOB AIBCBAFTS
FIBES ABE DESCBIBED. IT IS NOTED THAT 80 PEBCENT OF ALL AIBCEAFT
ACCIDENTS OCCUB AT OB NEAB AIRPOBTS, AND IT IS RECOMMENDED THAT
EFFECTIVE TBAINING AND FIRE FIGHTING EQUIPMENT BE PBOVIDED. THE
HUGE SIZES OF MODERN AIBCBAFT INCBEASE THE DIFFICULTY OF FIBE
FIGHTING BECAUSE OF THE LACK OF VISIBILITY FROM ONE SIDE TO THE
OTHER,.' AND BECAUSE OF THE NEED TO .APPLY THE EXTINGUISHING AGENT AT
A HUGH HIGHER BATE IN OEDEB TO SUPPRESS THE FIBE. IT IS
ANTICIPATED THAT FOAM GENEBATOBS KILL HAVE TO HAVE RANGES OF 250
FT. OB MOBE AND A LIQUID CAPACITY OF 1500 GPK IN ORDER TO DEAL
WITH LARGE AIBCRAFT FIBES. NEW EXTINGUISHING AGENTS, SUCH AS
FLUOBOPSOTEIN FOAMS AND LIGHT WATEB, ARE SUGGESTED FOB USE IN
AIBCBAFT FIBES. AN APPLIANCE IS BEING DEVELOPED WHICH HAS A
DfiY-POWDER MONITOR CAPABLE OF RANGES UP TO 120 FT., DELIVERING THE
AGENT AT OUTPUT 'UP TO 88 LB.» PEE SEC. OTHEB FACTOBS TO BE
CONSIDERED INCLUDE THE HAZARDS POSED BY JUMBO-JETS, THE NEED FOB
LIGHTING EQUIPMENT, POHEEED BESCUE TOOLS, COMMUNICATIONS
EQUIPMENT, AND EFFECTIVE TBAINING OF FIRE FIGHTERS.
-SOURCE INFORMATION-
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FIRE, VOL. 61, NO. 760, 227-228, 232 {OCT. 1968)
OTHER INFORMATION -
0003 PAGES, 0000 FIGURES, 0000 TABLES, 0000 REFERENCES
448
key 2076






TESTS HERE CONDUCTED WITH FUEL FIRES TC MEASURE BEAT FLUXES,,
BURNING RATES, AND SUPPRESSION CHARACTERISTICS. THE POOLS OF JP-5
JET FUEL USED IN THE TESTS WERE 3 FT. AND 10 FT, IN DIA« AND 50
FT, X 50 FT, AQUEOUS FILM-FOBMING FOAM (AFFF) HAS USED AS A FIRE
EXTINGUISHER IN THE TESTS, MEASUREMENTS WERE MADE OF BURNING RATE
AND EXTINCTION TIME, A MODEL WAS CONSTRUCTED OF THE IDEAL
EXTINGUISHMENT SYSTEM, WHICH WOULD GIVE A UNIFORM RATE OF
APPLICATION OVER THE BURNING FUEL SURFACE, THE SUPPRESSANT SPRAY
WAS CHARACTERIZED AS TO UNIFORMITY, AVERAGE DROP SIZE,, AND
INTERACTION KINETICS WITH THE FUEL SURFACE, RADIATION FLUXES AT
VARYING DISTANCES FROM THE FIRE WERE AFFECTED BY WIND VELOCITY,
LOCATION OF THE MEASURING STATION (VIEW FACTOR), TYPE OF
SUBSTRATE, AND THE WATER CONTENT OF THE SUBSTRATE, FUEL BURNING
RATES BERE. INFLUENCED EY WIND VELOCITY AND SUBSTRATE
CHARACTERISTICS. SUPPRESSION. WITH 6 PERCENT LIGHT -WATER SOLUTION
WAS INFLUENCED PRIMARILY BY THE FIRE SIZE AND, SECONDARILY,, BY THE
TYPE OF'SUBSTRATE.
-PERTINENT FIGURES-
FIG, H RADIATION FROM 10 FT, DIA, JP5 FIRES VS RADIOMETER LEVEL
ABOVE GROUND PAGE 10//FIG, 5 RADIATION FROM 10 FT, DIA, JP5 FIRES
WATER VS SAND SUBSTRATES PAGE 11
-BIBLIOGRAPHY-
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DIFFUSIVE BURNING OF LIQUIDS* FIRE RES, ABST, AND REV,, VOL, 1f
NO, 41, 1959//WELKER, J.R., AND SLIEPCEVICH, C0M0: BENDING OF










WEST SECT, COMBOS! INST, FALL MEETING, MONTEREY, CAilf. (OCT.
30-31, 1972)
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Experimental fires of burning aircraft fuels were instrumented
with heat meters to determine heat flux distributions for
application to the design of protective clothing for fire fighting
personnel. The spectral distribution of infrared radiation
emitted by fires vas also measured. Conditions affecting the
fires and the resulting heat effects that were studied were wind
velocity, fuel pool area, time of burning, orientation around the
fire relative to wind direction,, distance from the fire, and an
extraneous object in a fire« Heating rates within the fire were
found to be a maximum of 8.0 cal./sq«,cmo/sec0 Since this imposed
an extreme and impractical restriction upon clothing design and
since the convective heating mode *as significant only in a
downwind direction from fires, it was concluded that radiative
heating was the predominant mode that determines clothing design
requirements for fire proximity., Tie maximum value of this,
heating that would be encountered for a large-scale fire was
estimated at 1.8 cal./sg,. ecu/sec. A means for evaluating
reflective clothing is described.
-PERTINENT FIGURES-
FIG. 2F EFFECT OF POOL SIZE OPON HEATING RATE NEAR FIRE FROM
BURNING AIRCRAFT FUEL PAGE 20//FIG« 4D COMPARISON BETIEEN AVERAGE
AND PEAK HEATING RATE TO A SURFACE NEAR FIRE FROM BURNING AIRCRAFT
FUEL PAGE 23//FIG. 5 ETFECT OF SIND VELOCITY UPON SPECTRAL
INTENSITY OF FLAHE RADIATION PAGE 28// FIG. 14 EFFECT OF OBJECT IN
FIRE UPON HEATING RATE TO A SURFACE NEAR FIRE FROM BURNING
AIRCRAFT FUEL' PAGE 41//TAB. 3 THERMOCOUPLE DATA FOR FIRES PAGE
12//TAB, AI RADIOMETER DETECTOR AND FILTER CHARACTERISTICS PAGE 67
-BIBLIOGRAPHY-
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VOL. 51, 278, 1961//TOORIN, R.H.: HONOCHBOHATIC RADIATION
PYHOMETRY OF HOT GAS IS, PLASMAS, AND DETONATIONS, TEflPERATOflE: ITS
MEASUREMENT AND CONTROL IN SCIENCE AND INDUSTRY. VOL. 3, PART 2,
BEISHOLD PUB. CORP., 1962//ECKERT, E.R. AND DRAKE, R.M.: HEAT AND
MASS TRANSFER. HCGHAB-HILL BOOK CO., INC., 1S59//THHING, H.W. AND
FOSTER, P.J., ET AL.: PREDICTION OF THE EMISSIVITY OF HYDROCARBON
FLAMES. PAPER NO. 96, 1961-1962 HEAT TRANSFER CONF., DNIV. OF
COLO., BOULDER//SPENCER, D.E.: OUT-OF-FOCUS PHOTOMETRY. J. OPT.
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SOC. OF AM. , VOL. 55, NO. 4, APR. 1965//GABDON. E.: A TRANSDUCER
FOE THE HEASUREHENT OF HEAT-FLOH EATE. TRANS. OF THE ASJSE J. OF
HEAT TRANSFER, HOV. 1960
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Full-scale tests were conducted under fixed fire conditions
employing air aspirating foam and dry powder dispensing equipment
in which protein foams,, light water, high expansion foam,
compatible dry chemical powder, and Purple K powder were evaluated
both alone and in combination. The time required to control
circular pool fires of aviation gasoline, JP-4, and Jet A fuels
40, 60, and 80 ft. in dia. , containing an obstacle, was
determined. The optimum solution application rate for obtaining
rapid fire control employing protein foam in air aspirating
equipment used in the tests of Jet A pool fires up to 80 ft,, in
dia. is approximately 0.35 gal,/ min.-sq., ft, JP-4 and aviatioa
gasoline fires are more destructive to protein foam than Jet A
fuel fires. The flaoroprotein agents,, when considered as a class,
and regular protein foam have essentially equivalent.fire fighting
capability in controlling 40 ft, dia. Jet A'fuel fires. Light
Hater employed alone results in a significant reduction in the
control time compared with that of protein foam under similar pool
fire conditions and can be used with air aspirating equipment.
High expansion foam is capable of obtaining rapid control -and
extinguishment of aviation fuel fires as low solution application
densities, but its vulnerability to wind and limited vapor
securing characteristics restrict its use as a crash fire fighting
agent. Dry chemical powders may result in very rapid reduction in
thermal radiation, but do not provide the fuel vapor securing
action required to prevent flashback,,
-PERTINENT FIGURES-
FIG, 4 FIHE CONTROL TIME DATA ON VARIOUS SIZE JET A FUEL FIRES
USING PROTEIN FOAM AT DIFFERENT SOLUTION DISCHARGE RATES PAGE
7//FIG. 6 THE VARIATION IN FIRE CONTROL TIME IITH POOL FIBE SIEE
PAGE 9//FIG. 8 FIBE CONTBOI TIME DATA OF THE FLUOBOPBOTEIN AGENTS,
FLIGHT WATER, AND PROTEIN FOAM ON 60 FT, DIA„ JP-4 FIRES PAGE
12//FIG, 10 FIRE CONTROL TIME DATA FOR HIGH EXPANSION FOAM ON 60
FT, DIA. JP-4 FUEL FIRES PAGE 16//TAB, 1 FIRE TEST CONDITIONS AND
RESULTS USING COMPATIBLE DRY CHEMICAL PAGE 15//TAB, 2 FIRE TEST
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In analyzing the applications of halogenated hydrocarbon fire
extinguishants to the' aircraft fire problems found in engine and
auxiliary power installations, fuel tanks, and habitable and cargo
compartments, the nature of the fire problem in each area is
defined, the state of the art fire suppression techniques which
could be applicable is reviewed, the preferred technique and the
basis for its selection is identified, and, in those cases where
use of halogenated hydrocarbon extinguishants is preferred, their
overall practical performance record is reviewed. Halon agents
presently offer the greatest advantage for the following aircraft
fire protection applications: extinguishment of engine
installation fires; suppression of fuel tank explosions induced by
point type ignition sources, although complexity of internal fuel
tank configuration may pose an installation problem; fire
suppression in large cargo and habitable compartments by means of
total flooding; and first aid fire extinguishers for Class A,B,
and C fixe protection capability. Halon fire extinguishing agents
were not recommended for fuel tank inerting or multipoint ignition
explosions caused by, e.g., gunfire.
-PERTIUENT FIGUBES-
TAB. 6 TYPICAL A/C ENGINE FIBE EXTINGUISHES SYSTEHS PAGE 224
-SOUBCE INFOBMATION-
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AGENTS. PBOC OF A SYMP, WASHINGTON, D.C. (APR. 11-12, 1972)
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.AM APPRAISAL OF HALOGENATED FIRE EXTINGUISHING AGENTS.
by
NATIONAL ACADEMY OF SCIENCES-NATIONAL RESEARCH COUNCIL
00/00/72
-ABSTRACT-
Contents: Bauman, U.B., Comparative Effectiveness of Halogenated
Agents and Other Extinguishants {See F7300023)//Stofcinger, H.E.,
Principles and Procedures for Toxicologic and Physiologic
Evaluation of the Safety cf Materials {See F7300024)//Stewart,
R.D., Use of HuBac Volunteers for the lexicological Evaluation of
Materials {See F7300025) //Zikria, B.'A. , Inhalation Injuries in
Fires (See F7300026) //MacEwen, «D- D., Toxicology of Pyrolysis
Products of Halogenated Agents {See F7300027)//Clark, D. G.,
Toxicology of Halon 1211 (See F7300Q28)//Beinhardt, C.F., and
Reinke, R.E., Toxicology of Halogenated Fire Extinguishing Agents,
Halon 1301 <Brbmotrifluorqmethane) {See F7300029) //Rainaldi, N.,
Appraisal of Halogenated Fire Extinguishing Agents (See
F7300030)//Back, K.C., and.Van Stee, E,H., Cardiovascular and
Nervous System Effects of. Bromotrifluoromethane: A Short Review
{See F7300031)//Harris, U.S., Cardiac Effects of Halogenated
Hydrocarbons (See F7300032)//Call, D.W., Human and Rat Exposures
to Halon 1301 Under Hypobaric Conditions {See F7300033)// Ford,
C.L., Extinguishment of Surface and Deep-Seated Fires With Halon
1301 (See F7300034)//Gassmann, J.J., and Harcy, J.F., Application
of Halon 1301 to Aircraft Cabin and Cargo Fires {See
F7300035)//Steinberg, H., Toxic Hazards from Extinguishing
Gasoline Fires Using Halon 1301 Extinguishers in Armored Personnel
Carriers (See F7300036)//McDaniel, D.E., Evaluation of Halon 1301
for Shipboard Use (See F7300037)//Botteri, B.P., Cretcher, E.E.,
and Kane, I.E., Aircraft Applications'of Halogenated Hydrocarbon
Fire Extinguishing Agents {See F7300038)//Carhart, H,H., and
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Submarines {See F7300039)// Kuchta, J.M., and Burgess, D.,
Effectiveness of Halogenated Agents Against Gaseous Explosions and
Propellant Fires (See F73000UO)//Edmonds, A., Use of flalon 1211 in
Hand Extinguishers and Local Application Systems (See
F73000U1)//Languille, E. , Applications of flalon 1211 Fixed Systems
in Normally Occupied Area (See F7300042)//Wic&ham, R.T.,
Engineering and Economic Aspects of Halon Extinguishing Equipment
(See F7300043)//Grabowskir G.J., Fire Detection and Actuation
Devices for Halon Extinguishing Systems (See F7300044)//Kerr,
J. W., Practicalities of Halons from the Firefighter*s Viewpoint
(See F7300045)//Hands, R.C., Toxicology of Halogenated Agents
(Halon 2402) (See F73000M6) //Yamashi&a, S., Dependence of
Extinction Time and Decomposition of Halogenated Extinguishing
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A summary^ based on previous research and on full-scale and
laboratory tests,, is presented of the effectiveness of agents,
equipment ,, and techniques used in aircraft ground crash fire
fighting and rescue operations., The agents selected for study were
categorized in 2 major groups,, depending upon their principal
function in the extinguishment of Class B fires: (1) foam
vapor-securing and blanketing agents, and (2) auxiliary fire
fighting agents (dry chemicals, dry powders, vaporizing liquids,
carbon dioxide, and magnesium agents) „ Several kinds of chemical
and mechanical foams were tested
 c and the results are reported.
Special attention was given to the performance of aqueous film
forming^oam {AFFF} and to the .compatibility of foams and powders
in' fire extinguishing, systems* The chief results and conclusions
were: <1) the most effective fuel .vapor and blanketing agents are
AFFF and € percent protein-type foam, (2) there is no
incompatibility between protein foam and AFFF when they are
dispensed from separate nozzles, and (3) both AFFF and 6 percent
protein agents demonstrate acceptable degrees of compatibility
when paired with dry chenicalSo Evaluations of various foam
dispensers are reported,, and comparisons are made between the
effectiveness of prctein foam and AFFF in extinguishing JP-4 jet
fuel firesc Recommendations are made for the kinds and uses of
foam dispensers which will be most effective in applying fire
fighting agents to crash fires.
-PERTINENT FIGURES-
10 THE EFFECT OF SOLDTICN CONCENTRATION ON FIRE CONTROL TIME
USING PROTEIN FOAM ANE AFFf PAGE 58//TAB. 11 EFFECT OF WATER
HARDNESS ON FIRE PERFORMANCE EMPLOYING PROTEIN FOAM AND AFFF
(MANUFACTURER E-3) PAGE 34
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A self-generating overheat detection system for USAF aircraft was
developed,, designed,, fabricated,, and tested. The system consisted
of a loop of sensor cable connected by way of a junction box and
thermocouple type extension wires to a control unit. The developed
sensor consisted of a continuous coaxial cable which changes its
electrical properties as cable temperature is changes. Cable
thermo-electric voltage as well as impedance is utilized in
establishing alarm signal levels. Theoretical work involving such
factors as thermocouple signal transmission and detection,
together with an investigation of cable materials and electronic
componentry available for aircraft use is described. Test results
of the sensors and associated electronics used for the prototype
systems together with a description' of operation is supplied. The
performance testing of two completed systems under simulated
environmental conditions is reported* A 'set of installation
instructions and engineering drawings for the system are appended.
It is concluded that,, from the standpoints of long term cable
stability,, discrete alarm detection, and false alarm free
operation, the use of cable voltage as well as impedance in













0131 PAGES, 002C FIGOEES, 0005 TABLES, 0000 EEFEBENCES
460
key 2016
WHAT FIREFIGHTERS SHOULD KNOW ABOUT DRY CHEHICAL





DRY CHEMICAL EXTINGUISHING SYSTEMS ARE DESCRIBED. IT IS NOTED THAT
DRY POWDERS ARE GRAPHITE AND SPECIAL COMPOUNDS USED IN
EXTINGUISHING FIRES IN SODIUM, MAGNESIUM, AND SIMILAR METALS,
WHILE DRY CHEMICALS ARE USUALLY SODIUM BICARBONATE, POTASSIUM
BICARBONATE {PURPLE K) , HCNOAMHONIUM PHOSPHATE, AND POTASSIUM
CHLORIDE (SUPER K) „ TRY CHEMICALS CAN BE USED ON FLAMMABLE LIQUIDS
FIRES AND ON ELECTRICAL EQUIPMENT FIRES. HHILE POTASSIUM CHLORIDE
IS COMPATIBLE WITH ALL KINDS OF FOAM, THE COMPATIBILITY OF EACH
DRY CHEMICAL USED WITH FOAM SIMULTANEOUSLY SHOULD BE CHECKED,
TYPES OF DRY CHEMICALS SHOULD NEVER BE HIXED BECAUSE THEY MAY
PRODUCE DANGEROUS GAS PRESSURES AND REDUCE THEIR EFFECTIVENESS, IT
IS RECOMHENDED THAT CAREJUL INSPECTION AND MAINTENANCE OF DRY
CHEMICAL SYSTEHS "BE CARRIED OUT REGULARLY' TO INSURE THAT ALL
MECHANISMS ARE OPERABLE. IN .FIGHTING A FIRE IN WHICH A DRY
CHEMICAL 'SYSTEM HAS OPERATED, IT IS RECOMMENDED THAT THE FIRE AREA
HOT BE OPENED UNTIL THE DRY CHEMICAL HAS FULLY EXTINGUISHED THE
FIRE. FINALLY, IT IS RECOMMENDED THAT THE EXTINGUISHING SYSTEfl BE
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The practical differences in the flammable liquid petroleum
product fire fighting capabilities are discussed for conventional
protein base mechanical foams;, fluoroprotein foams, agueous film
forming foams {AFFF}
 r and miscellaneous other synthetic foams. The
advantages of the mechanical hydrolized .protein foams are tfceir
flexibility, relatively low cost„.and the existence of world wide
standards,, Their main disadvantages are relatively poor resistance
to burnoff from fuel saturation if the foam is plunged into a
depth of fuelp and relative incompatibility with several of the
dry chemical agents„ Fluoroprotein foams have the advantage of
regular type foams as well as good resistance to saturation by
hydrocarbon fuels, and better compatibility with dry chemicals.
Although slightly more expensive? the fluoroprotein foams have
been found to be bet-tep than both the regular protein foams and
the AFFF for.securing fuel against reflash, and -resistance to
overhead water application and radiant heat. Tests made with AFFF
toillustrate how rapidly an AFFF can knock down a spill fire are
discussed at length. Comparison data are depicted for the various
foams on tank fire control and extinguishment. An AFFF has the
advantage of speed of spill fire knockdown and is best with dry
chemicals? its disadvantages include fast draining, relatively
poor long range fuel security,: and high cost» • Various
extinguishment experiments with AFFF are described in detail,
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L I M I T E D SPECIFIC I N F O R M A T I O N .
- P E R T I N E N T F I G U R E S - ' •
T A B . 1 PLATE M A T E R I A L S USED F O R L A R G E FULLY R E F R I G E R A T E D S T O R A G E
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-ABSTRACT-
CODES A N D S T A N D A R D S G O V E R N I N G A B O V E - G R O U N D S T O R A G E T A N K S F O R
LIQUEFIED N A T U R A L GAS ( L N G ) ABE R E V I E W E D IN THIS PAPER. DETAILS OF
T H E F O U N D A T I O N , I N N E R A N D O U T E R SHELLS, A N D I N S U L A T I O N SYSTEM F O R
A 300,000 BBL. T A N K C O N S T R U C T E D IN M E M P H I S , T E N N E S S E E ARE GIVEN.
- P E R T I N E N T F I G U R E S -
FIG. 3 C U T A W A Y SKETCH S H O W I N G DOUBLE T A N K SUPPORTED ON PILE AND
SLAB FOUNDATION, P A G E 4//FIG.5 C U T A W A Y SKETCH S H O W I N G OPEN-TOP
I N N E R T A N K , PAGE 6
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(PRES. AT) NEW Y O R K , NOV 27-DEC 1, 1966. PAPER 66-WA/PID-4
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U/Unrestr icted Unl imi ted S u m m a r y Good/Excel.
- A B S T R A C T -
T H E CONCEPT O F STORING C R Y O G E N I C F L U I D S B E L O W G R O U N D A N D T H E
E X I S T I N G D E S I G N S F O R F R O Z E N I N - G R O U N D A N D C O N C R E T E - T A N K S T O R A G E
S Y S T E M S ARE R E V I E W E D . THE B A S I C DESIGN FOR THE S T O R A G E OF LNG IN A
L I N E D A N D I N S U L A T E D Q U A R R I E D C A V E R N I S DESCRIBED. T H E C A L C U L A T I O N
PROCEDURES A R E DISCUSSED W H I C H H A V E BEEN USED T O P R E D I C T T H E R A T E S
OF HEAT I N F L U X INTO THESE B E L O W G R O U N D LNG STORAGE C O N T A I N E R S . THE
E Q U A T I O N S , S I M P L I F Y I N G , A S S U M P T I O N S , A N D H E A T T R A N S F E R M O D E L S
W H I C H H A V E BEEN OSED A R E P R E S E N T E D , ' A N D T H E DIFFERENCES I N T H E
RESULTS C A L C U L A T E D BY THE V A R I O U S PROCEDURES ARE DISCUSSED.
-PERTINENT FIGURES-
FIG. 1 FROZEN I N - G R O U N D S T O R A G E , PAGE 2//FIG.2 B E L O H G R O U N D
LIQUEFIED N A T U R A L G A S D E M O N S T R A T I O N S T O R A G E T A N K , P A G E 3//FIG.3
STORAGE FACILITY AT TEXAS E A S T E R N , P A G E 4//FIG.4 SCHEMATIC D I A G R A M
O F A N I N S U L A T E D A N D L I N E D M I N E D C A V E R N , PAGE U
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CLOSNER,J .J . AND M A R S T I , 8 . , B E L O M G H O U N D STORAGE OF LIQUEFIED
N A T U R A L GAS IN PBESTRESSED CONCRETE TANKS, INSTITUTE OF GAS
TECHNOLOGY TECHNICAL REPORT NO. 8, A M E R I C A N GAS ASSOCIATION, NEW
Y O R K , N. Y. , JULY 1963//TEXAS E A S T E R N U N V E I L S LNG T A N K P L A N , OIL
AND GAS J O U R N A L , VOL. 63, NO. 37, SEPT 13, 1965, PP. 64-65
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Summary Acceptable
-ABSTRACT-
THIS STUDY IS P A R T OF A B R O A D P R O G R A M OF F U N D A M E N T A L R E S E A R C H INTO
LIQUEFIED N A T U R A L G A S P R E S E N T L Y U N D E R W A Y A T T H E U N I V E R S I T Y O F
C A L G A R Y . THIS P A P E R O U T L I N E S S O M E O F T H E D E S I G N C O N S I D E R A T I O N S F O R
M E D I U M - A N D L O N G - D I S T A N C E T R A N S P O R T A T I O N O F L N G B Y A N I N S U L A T E D
P I P E L I N E . THE DESIGN OF A M E D I U M - OR L O N G - D I S T A N C E L I Q U E F I E D
N A T U R A L G A S P I P E L I N E M O S T I N C L U D E C O N S I D E R A T I O N O F P U M P I N G A N D
COOLING S T A T I O N S P A C I N G . F O R T H E COOLING STATION SPACING A N
I M P O R T A N T DESIGN F E A T U R E IS THE T U R N - D O W N R E Q U I R E D ONCE THE
D I A M E T E R OF PIPE AND T Y P E OF I N S U L A T I O N H A V E B E E N E S T A B L I S H E D .
DESIGNING F O R O N L Y M A X I M U M F L O H WITH T H E C O R R E S P O N D I N G M A X I M U M
STATION- SPACING W O U L D RESULT IN AN I N O P E R A B L E SYSTEM WITH
I N A D E Q U A T E COOLING STATION S P A C I N G FOR THE R E D U C E D FLOWS W H I C H .
HGULD OCCUR IN PRACTICE. THE A M O U N T OF T U R N - D O W N R E Q U I R E D WOULD
DICTATE THE COOLING STATION SPACING N E C E S S A R Y FOR A LIQUEFIED
N A T U R A L GAS PIPELINE.
-PERTINENT FIGURES-
FIG. 1 C O M P A R I S O N OF N A T U R A L GAS AND LNG PIPELINES, P A G E 30//FIG.2
C O M P A R I S O N OF COOLING STATION S P A C I N G FOR LNG PIPELINES, P A G E 31//
FIG.3 EFFECT OF T U R N - D O W N ON LNG PIPELINES, P A G E 32//TAB.1
T U R N - D O W N F O R 4-INCH U R E T H A N E F O A M I N S U L A T E D L N G PIPELINE, P A G E
33//TAB.2 M A X I M U M COOLING S T A T I O N SPACING FOR V A R I O U S D I A M E T E R S
AND FLOWS USING 4 INCHES OF U R E T H A N E FOAM, PAGE 33//FIG.4
COINCIDENCE OF P U M P AND COOLING S T A T I O N SPACING FOR LNG PIPELINES,
PAGE 34
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CONSTRUCTION OF THE MEMPHIS LNG PLANT BEGAN IN EARLY 1966 WITH THE
STORAGE TANK, AND APPROXIMATELY EIGHTEEN MONTHS LATER INITIAL
STARTUP PROCEDURES HERE BEGON. WRITTEN SIX HONTHS AFTER THE FIRST
ATTEMPT WAS MADE AT STARTUP, THIS PAPER DESCRIBES FOUR MAJOR AND
SEVERAL MINOR EQUIPMENT MALFUNCTIONS OCCURRING DURING THE PERIOD.
THE FOUR MAJOR PROBLEMS WERE (1) LEAKS IN THE ETHYLENE CONDENSER,
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
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-ABSTRACT-
THE OBJECTIVE OF THIS W O R K WAS TO D E V E L O P C O M P U T E R P R O G R A M S W H I C H
W O U L D P R O D U C E R A P I D , PRECISE , A N D COMPLETE PROCESS C A L C U L A T I O N S
FOR A HIDE V A R I E T Y OF FLOH-SHEETS FOR N A T U R A L GAS LIQUEFACTION
PLANTS. THIS HAS BEEN ACCOMPLISHED, AND THE RESULTS OF THE
D E V E L O P M E N T , I N C L U D I N G A S U M M A R Y OF THE PROBLEMS E N C O U N T E R E D AND
T H E I R SOLUTIONS, A R E REPORTED H E R E I N . T H E P R O G R A M S DESCRIBED H A V E
ALREADY BEEN USED E X T E N S I V E L Y IN DEVISING FLOW-SHEETS AND
SELECTING O P E R A T I N G CONDITIONS FOR LNG PLANTS TO . M E E T SPECIFIED
R E Q U I R E M E N T S . - T H E P R O G R A M S H A V E B E E N I N S T R U M E N T A L I N DEVELOPING
SI-G.NIFICANTLY BETTER PLANT DESIGNS T H A N WOULD O T H E R W I S E H A V E B E E N
DONE IN THE LIMITED TIMES A V A I L A B L E . IN A D D I T I O N , THE PROGRAMS
R E S U L T IN V E R Y PRECISE C A L C U L A T I O N S FOR THE E N T I R E P L A N T , WHICH
ARE V A L U A B L E TO THE DESIGNER AND W H I C H W O U L D BE DIFFICULT TO
A C C O M P L I S H M A N U A L L Y E V E N W I T H C O M P U T E R S O L U T I O N S T O SPECIFIC UNIT
OPERATIONS. F U T U R E D E V E L O P M E N T S A R E F O R E S E E N I N W H I C H EQUIPMENT
COSTS HILL BE I N C O R P O R A T E D IN THE P R O G R A M S IN O R D E R TO EXPEDITE
COST O P T I M I Z A T I O N .
- P E R T I N E N T F I G U R E S -
FIG. 1 LNG F L O W S H E E T , P A G E 19//TAB. 1 SELECTED S T R E A M I N F O R M A T I O N
(FIG. 1} AS D E V E L O P E D BY C O M P U T E R P R O G R A M , PAGE 21//TAB.2
C O M P R E S S O R AND E X P A N D E R I N F O R M A T I O N (FIG. 1) AS DEVELOPED BY
C O M P U T E R P R O G R A M , P A G E 21//FIG. 2 G E N E R A L C A S C A D E A R E P R E S E N T A T I V E
F L O W S H E E T , P A G E 23//TAB.3 S E L E C T E D S T R E A M I N F O R M A T I O N (FIG. 2) AS
D E V E L O P E D B Y C O M P U T E R P R O G R A M , P A G E 2 4
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ELECTRO-SUBMERSIBLE PUMPS FOB HYDROCARBONS, LIQUIFIED GASES
AND DANGEROUS LIQUIDS (CROUPES MOTO-POMPES IHMERGES POUR
H Y D R O C A R B U R E , GAZ LIQUEFIES ET LIQUIDES D A H G E R E U X )
by
C H E R O N , P .
00/00/70
SECURITY CLASS ACCESS L E V E L REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited None Given Poor
-ABSTRACT-
THIS TYPE OF PUMP HAS DEVELOPED WITH THE GOAL OF PUMPING LIQUEFIED
GASES AND DANGEROUS LIQUIDS, SUCH AS METHANE, PROPANE, AND
AMMONIA, WITH ADVANTAGES OF 1) A HIGH DEGREE OF SAFETY, 2)
UNATTENDED OPERATION, AND 3) LOW COST OF INSTALLATION. THIS PAPER
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P E R F O R M A N C E OF NBS C R Y O G E N I C FLOW R E S E A R C H FACILITY
by
B R E N N A N , J . A .
M A N N , D . B .
D E A N , J . W .
K N E E B O N E , C . H .
00/00/72
S E C D R I T Y CLASS
U/Unrestrieted
ACCESS L E V E L
Unlimited
R E P O R T CLASS
Summary
E N T R Y E V A L .
Acceptable
- A B S T R A C T -
THIS PAPER IS PRIMARILY CONCERNED WITH PRESENTING THE PROVISIONAL
ACCDRACY STATEMENT FOR THE NBS CRYOGENIC FL05J FACILITY AND THE
MEANS BY WHICH THESE ACCURACIES WERE OBTAINED. THE PAPER ALSO
GIVES SOME INFORMATION ON OPERATIONAL FEATURES OF THE FACILITY AND
SOME TYPICAL RESULTS OF CALIBRATIONS. SOME DISCUSSION IS PRESENTED
OF FUTURE PLANS. THE ACCURACY AVAILABLE AT PRESENT IS 0.18
PERCENT FOR MASS FLOW AND 0.47 PERCENT FOR VOLUMETRIC FLOW. THE
ACCURACIES ARE LIMITED' TO - FLOW RATES BETWEEN 20 AND 100
G A L L O N S / M I N U T E ; P R E S S U R E S F R O M so TO 100 PSIG AND T E M P E R A T U R E S
FROM 80 TO 90 K.
-PERTINENT FIGURES-
TAB. I ERRORS DUE TO PRESSURE AND TEMPERATURE MEASUREMENTS, PAGE
203// TAB.II SYSTEMATIC ERRORS, PAGE 203//FIG.3 PERFORMANCE AS A
FUNCTION OF DENSITY, PAGE 20U//FIG. U PERFORMANCE AS A FUNCTION OF
TIME/ORDER, PAGE 205
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
n/Dnrestricted Unlimited State Of Art Good/Excel.
-ABSTRACT-
A C O M P R E H E N S I V E , IN DEPTH S T U D Y OP N A T U R A L C O N V E C T I O N FILH BOILING
HEAT T R A N S F E R IS P R E S E N T E D . FOR THE S A K E OF C L A R I T Y AND LOGIC, BE
PRESENT OUR DISCUSSION IN S E V E R A L DISTINCT SECTIONS. INITIALLY,
THE E A R L Y FILM BOILING W O R K IS HISTORICALLY SURVEYED FROM ITS
INCEPTION TO THE HORK OF N U K I Y A M A . T H E N , THE M A N Y SOURCES OF
E X P E R I M E N T A L FILM BOILING D A T A ARE P R E S E N T E D BY SUBSTANCE, A N D ,
W H E R E APPROPRIATE, TRENDS IN THE DATA ARE A L L U D E D TO AND
DISCUSSED. THE DISCUSSION IS INTENDED AS A M E A N S OF G A I N I N G
INSIGHT INTO THE RELATIVE C O N S I S T E N C Y OF D A T A F O U N D IN THE
LITERATURE AND INTO FACTORS AFFECTING THE FILM BOILING PROCESS. . A
SHORT SECTION IS G I V E N THAT- S U M M A R I Z E S PHOTOGRAPHIC W O R K . THE
FOURTH SECTION TREATS AND O U T L I N E S THE DEVELOPMENT OF M A T H E M A T I C A L
MODELS T H A T H A V E B E E N PROPOSED F O R M I N I M U M FILM BOILING A N D STABLE
F I L M BOILING, A N D PRESENTS THEORETICAL A N D SEMI-EMPIRICAL
C O R R E L A T I O N S THAT H A V E B E E N M E N T I O N E D I N T H E LITERATURE. T H E
R E A D E R WHO IS I N T E R E S T E D IN A M O R E D E T A I L E D P R E S E N T A T I O N OF THE
BASIC M A T H E M A T I C A L MODELS U S E D IN F I L M BOILING IS R E F E R R E D TO THE
R E V I E W BY JORDON.
-PERTINENT FIGURES-
FIG. 1 H Y D R O G E N F I L M BOILING D A T A , P A G E 27//FIG.3 ATMOSPHERIC
PRESSURE N I T R O G E N FILM BOILING DATA, PAGE 30//FIG.4 DIAMETER
EFFECT FOR O X Y G E N FILM BOILING ON H O R I Z O N T A L STAINLESS STEEL
TUBES, P A G E 31//TAB.1 SOURCES OF FILM BOILING, P A G E 28/ /TAB.6
PREDICTIVE E Q U A T I O N S FOR THE M I N I M U M FILM BOILING H E A T F L U X , PAGE
35//TAB.7 STABLE FILM BOILING C O R R E L A T I O N S , PAGE 36
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E - '
O K L A H O M A U N I V . , N O R M A N
J O U R N A L PROCEEDINGS -
IND. E N G . C H E M . VOL 62, NO. 9, 26-1*6 (SEP 1970)
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PRESSURE DROP OF T W O - P H A S E S I N G L E C O M P O N E N T ISOTHERMAL
U P W A R D FLOW O F N I T R O G E N A N D M E T H A N E A T HIGH P R E S S U R E S
by
LA PIN, A.
B A U E R , E .
00/00/67
S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y EVAL.
a/Unrestricted Unlimited Incremental Good/Excel.
-ABSTRACT-
I T H A S E S T A B L I S H E D T H A T A D D I T I O N A L T H E O R E T I C A L A N D E X P E R I M E N T A L
STUDIES A R E N E E D E D I N T H E A R E A O F T W O - P H A S E FLOW I N T H E C R Y O G E N I C
R E G I O N . A N A P P A R A T U S F O R T H E A C C U R A T E M E A S U R E M E N T O F I S O T H E R M A L
P R E S S U R E DROP I N T H E C R Y O G E N I C R E G I O N W A S D E S I G N E D A N D BUILT.
N I T R O G E N A N D M E T H A N E D A T A H E R E O B T A I N E D A T M A S S VELOCITIES O F
ABOUT 1.7 X 10(5) L B / H R - F T ( 2 ) IN THE P R E S S U R E R A N G E OF 300 TO 600
PSIA. DATA E V A L U A T I O N S H O W E D A P P R E C I A B L E D I F F E R E N C E S B E T W E E N
M E A S U R E D P R E S S U R E D R O P S . A N D T H E O N E S PREDICTED FROM A V A I L A B L E
C O R R E L A T I O N S . THE C H E N O W E T H - H ART IN TYPE C O R R E L A T I O N WAS F O U N D TO
BE THE 'MOST S A T I S F A C T O R Y - FOR PRESSURE DROP 'PREDICTION. IN THE
C R Y O G E N I C R E G I O N . T H E C A L C U L A T E D C U R V E S SHOULD E N A B L E D E S I G N E R S T O
C A L C U L A T E TWO-PHASE FLOW P R E S S U R E DROP IN THE CRYOGENIC REGION TO
W I T H I N 25 PERCENT. CAUTION IN THE USE OF THESE C U R V E S SHOULD BE
E X E R C I S E D IF E X T R A P O L A T I O N B E Y O N D THE E X P E R I M E N T A L R E G I O N IS
REQUIRED.
- P E R T I N E N T F I G U R E S -
FIG. 4 P R E S S U R E DROP C H A R A C T E R I S T I C S OF TWO-PHASE N I T R O G E N S T R E A M
AT 400 PSIA, -240 DEGREES F, 1.71 X 10(5) L8/HR-FT (2) , P A G E
415//FIG.5 PRESSURE DROP C H A R A C T E R I S T I C S IN TWO-PHASE M E T H A N E
S T R E A M AT UOO PSIA, -144.5 DEGREES F, 1.U2 X 10(5) LB/HR-FT(2) ,
PAGE 415//FIG.6 P R E S S U R E DROP CHAHACTERISTICS IN T W O - P H A S E M E T H A N E
S T R E A M , P A G E 416//FIG.7 P R E S S U R E D R O P C H A R A C T E R I S T I C S OF A
TWO-PHASE M E T H A N E FLOW S T R E A M AT 400 PSIA, 1.4 X 10(5)
LB/HR-FT(2) , PAGE 416//FIG.8 C H E N O W E T H - M A R T I N CORRELATION - APCI
C U R V E S , PAGE 417
-BIBLIOGRAPHY-
B A D G E R , W . L . AND B A N C H E R O , J . T . , INTRODUCTION TO CHEMICAL
E N G I N E E R I N G , MCGRAW-HILL BOOK CO., NEW YORK (1955), P.
43//CROCKER,S., PIPING H A N D B O O K , 4TH ED., M C G R A W - H I L L BOOK CO. ,
NEW YORK (1945) , P. 112//FLOW OF FLUIDS THROUGH VALVES, FITTINGS,
AND PIPE, E N G I N E E R I N G AND RESEARCH DIV., C R A N E C O M P A N Y , CHICAGO,
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POOL BOILING OF M E T H A N E BETWEEN ATMOSPHERIC P R E S S U R E AND
THE C R I T I C A L P R E S S U R E
by
S C I A N C E , C . T .
C O L V E R , C . P .
S L I E P C E V I C H , C . M .
00/00/67
S E C U R I T Y CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Uncestricted Unlimited Incremental Good/Excel.
- A B S T R A C T -
N U C L E A T E A N D FILM S A T U R A T E D POOL BOILING D A T A H A V E B E E N O B T A I N E D
FOR M E T H A N E AT 12 R E D U C E D P R E S S U R E S B E T W E E N 0 . 0 2 2 AND 0.9. A
COMPLETE B U R N O U T F L U X V S . R E D U C E D P R E S S U R E C U R V E W A S O B T A I N E D ,
A N D F O U R M I N I M U M FILM B O I L I N G F L U X E S H E R E E S T A B L I S H E D , A N
EMPIRICAL MODIFICATION OF THE F I L M BOILING E Q U A T I O N S OF C H A N G AND
OF B E R E N S O N WAS O B T A I N E D W H I C H FITS ALL OF THE M E T H A N E D A T A V E R Y
W E L L . THE BEST FIT SLOPE P A L L S B E T W E E N THE T H E O R E T I C A L E X T R E M E S
PROPOSED BY B E R E N S O N AND C H A N G . T.HE N U C L E A T E BOILING E Q U A T I O N OF
R O H S E N O H W A S MODIFIED T O O B T A I N . A N E Q U A T I O N WHICH FITS T H E . D A T A '
BELOW REDUCED PRESSURES OF 0 .7 W I T H R E A S O N A B L E A C C U R A C Y , BUT IT
OVER-ESTIHATES THE T E M P E R A T U R E DIFFERENCE E N C O U N T E R E D AT V E R Y HIGH
PRESSURES. THE PEAK N U C L E A T E BOILING FLUX DATA W E R E F O U N D TO FIT
THE EQUATION OF N O Y E S A C C U R A T E L Y O V E R THE ENTIRE P R E S S U R E R A N G E .
PREDICTIONS OF THE M I N I M U M FILM BOILING FLUX W E R E F O U N D TO BE TOO
HIGH AT HIGH P R E S S U R E S , BUT I N S U F F I C I E N T DATA W E R E O B T A I N E D TO
PROPOSE A DIFFERENT C O R R E L A T I O N .
- P E R T I N E N T F I G U R E S -
FIG. 5 M E T H A N E N U C L E A T E AND F I L M BOILING D A T A . ( F O R C O R R E L A T I O N S
SEE FIGS. 6 AND 8) , PAGE 400//FIG.6 M E T H A N E N U C L E A T E BOILING D A T A
C O M P A R E D WITH PROPOSED C O R R E L A T I O N , PAGE 401//FIG.7 M E T H A N E
B U R N O U T H E A T F L U X C O M P A R E D WITH T H E NOYES E Q U A T I O N , P A G E
402//PIG.8 M E T H A N E FILM BOILING D A T A C O M P A R E D W I T H THE P R O P O S E D
CORRELATION, PAGE 404
- B I B L I O G R A P H Y -
BEBENSON,P. J. , T R A N S I T I O N BOILING HEAT T R A N S F E R FROM A H O R I Z O N T A L
SURFACE, H.I.T. HEAT T R A N S F E R L A B O R A T O R Y TECHNICAL REPORT NO. 17
( H A R C H 1960)// B R E N T A R I , E . G . , G I A R R ATANO,P. J. , AHD SBITH,R. V.,
BOILING H E A T T R A N S F E R F O R O X Y G E N , N I T R O G E N , H Y D R O G E N , A N D H E L I U M ,
NBS TN 317 (SEP 1965)// FORSTER, K. AND GPEIF ,R . , J. HEAT T R A N S F E R
8 1 ( 1 ) , 4 3 (1959)//MADEJSKI,J. , INT. J. HEAT AND M A S S TRANSFER
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-ABSTRACT-
I N T H E PRESENT S T U D Y , S A T U R A T E D A N D POOL BOILING HEAT T R A N S F E R T O
L I Q U E F I E D N A T U R A L G A S ( L N G ) W A S I N V E S T I G A T E D . T H E STUDY W A S
I N I T I A T E D NOT O N L Y BECAUSE OF THE V I T A L I N D U S T R I A L I M P O R T A N C E OF
L N G , BUT ALSO B E C A U S E OF THE L A R G E A M O U N T OF N U C L E A T E AND FILM
BOILING D A T A A V A I L A B L E ON THE P R I N C I P A L C O M P O N E N T S C O N T A I N E D IN
LNG. N U C L E A T E A N D FILH-BOILING DATA W E R E T A K E N A T P R E S S U R E S
R A N G I N G FROM 1.7 TO U86 PSIA. THE N U C L E A T E BOILING T E M P E R A T U R E
DIFFERENCES I N C R E A S E D W I T H INCREASING P R E S S U R E , A N D T H E
T E M P E R A T U R E DIFFERENCES HERE M U C H LARGER T H A N THOSE F O R P U R E
•METHANE. BURNOUT HEAT FLUXES W E R E DETERMINED AT PRESSURES R A N G I N G
FROM 300 TO 850 PSIA, AND W E R E S H O W N TO BE MUCH H I G H E R T H A N FOR
P U R E METHANE. THE A V A I L A B L E CORRELATIONS FAILED TO PREDICT THE
E X P E R I M E N T A L R E S U L T S .
-PERTINENT FIGURES-
T A B . 1 L N G C H R O M A T O G H A P H I C A N A L Y S I S , P A G E 649//FIG.3 L N G B U R N O U T
HEAT FLUX COMPARED W I T H T H E E Q U A T I O N O F N O Y E S A N D DATA O F S C I A N C E ,
P A G E 651//FIG.4 L N G N U C L E A T E A N D F I L M BOILING DATA, P A G E
651//FIG.5 C O R R E L A T E D LNG FILM BOILING DATA, PAGE 653
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POSSIBLE A P P L I C A T I O N OF LIQ. C H ( 4 ) TO S U P E R S O N I C T R A N S P O R T - T Y P E
A I R C R A F T A N D O F LIQ. H T O A I R - B R E A T H I N G E N G I N E S F O R R E C O V E R A B L E
..BOOSTERS AND O R B I T E R S IN THE SPACE SHUTTLE ARE DISCUSSED. IT IS
C O N C L U D E D T H A T T H E R E A R E N O I N S U R M O U N T A B L E P R O B L E M S F O R U S I N G
EITHER LIQ. C H ( 4 ) OR LIQ. H FOR A I R C R A F T G A S - T U R B I N E E N G I N E S .
A D D I T I O N A L C O M B U S T I O N R E S E A R C H IS R E Q U I R E D FOR C H { 4 ) P R I M A R I L Y TO
I M P R O V E T H E B L O W O U T LIMITS A T HIGH ALTITUDE. E N G I N E S H A V E BEEN R U N
WITH THESE F U E L S , ALTHOUGH C R Y O G E N I C PUMPS THAT H A V E A D E Q U A T E LIFE
S P A N S FOR LONG-TIME A I R C R A F T O P E R A T I O N WILL BE A D E V E L O P M E N T
P R O B L E M . STUDIES H A V E B E E N M A D E O N T H E O V E R A L L AIRCRAFT PROBLEMS
RESULTING F R O M USE OF THIS FUEL. THE P A P E R DISCUSSES, IN G E N E R A L
T E R M S , .THE SAFETY P R O B L E M S POSED BY BOTH LIQUID M E T H A N E AND LIQUID
H Y D R O G E N . THE C O N C L U S I O N IS T H A T THE H A Z A R D S OF HtDROGEN ( W I D E
FLAMMABILITY LIMITS) ARE P R O B A B L Y TOO G R E A T TO USE IT IN
SUPERSONIC AIRCRAFT (COST IS ALSO A FACTOR H E R E ) . THE MOST
I M P O R T A N T DISCUSSION IN THE PAPER C O N C E R N S S T O R A G E OF THE TWO
FLUIDS AND THE P R O B L E M S ASSOCIATED W I T H STORAGE. ALONG W I T H THIS
THE QUESTION OF 'USING SLUSH OR GELLED M E T H A N E IS DISCUSSED.
- P E R T I N E N T FIGURES-
FIG.XII- 1 FUEL P R O P E R T Y T R E N D S , PAGE 413//FIG.XII-5 M E T H A N E
BOILOFF F R O M REDUCED T A N K P R E S S U R E , PAGE 415//FIG.XII-6 I N S U L A T E D
M E T H A N E T A N K W E I G H T S , P A G E 416//FIG.XII-7 LOADING SUBCOOLED
M E T H A N E , P A G E U16//FIG. XII-1 0 L IQUID M E T H A N E BOILOFF FOR M EQUALS
2.7 SST MISSION, PAGE 418//FIG.XII-14 BLOWOUT LIMITS FOR JET A AND
M E T H A N E COMBUSTORS, PAGE 4 2 0
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-ABSTRACT-
T H E FEASIBILITY O F COOLING T H E F I R S T - S T A G E T U R B I N E S T A T O R D I R E C T L Y
W I T H C R Y O G E N I C FUELS IS I N V E S T I G A T E D B A S E D ON A N U M E R I C A L H E A T
T R A N S F E R A N A L Y S I S O F M E T H A N E - A N D H Y D R O G E N - C O O L E D V A N E S . . A N
I N S U L A T I O N B A R R I E R B E T W E E N T H E FUEL C O O L I N G P A S S A G E S A N D T H E
E X T E R N A L V A N E S U R F A C E W A S R E Q U I R E D T O P R E V E N T A D V E R S E COOLING
CONDITIONS. T H E C O O L I N G C O N F I G U R A T I O N A N A L Y Z E D W A S T H A T O F T U B O L A R
C O O L I N G P A S S A G E S E M B E D D E D I N I N S U L A T I O N M A T E R I A L S U R R O U N D E D B Y A N
OUTER V A N E SHELL. T H E R E S U L T S I N D I C A T E D THAT T H E T U R B I N E STATOR
V A N E S COULD BE A D E Q U A T E L Y COOLED WITH M E T H A N E OR H Y D R O G E N FUEL AT
A 2190 DEGREES F (1639 K) LOCAL-HOT-SPOT GAS T E M P E R A T U R E .
-PERTINENT FIGURES-
FIG. 6 T E M P E R A T U R E DISTRIBUTION IN METHANE-COOLED V A N E U N D E R CRUISE
CONDITIONS, PAGE 11//FIG.7 T E M P E R A T U R E DISTRIBUTION IN
METHANE-COOLED V A N E U N D E R T A K E O F F CONDITIONS, P A G E 11//FIG.8
T E M P E R A T U R E DISTRIBUTION I N H Y D R O G E N - C O O L E D V A N E U N D E R CRUISE
C O N D I T I O N S , P A G E 13//FIG.9 T E M P E R A T U R E D I S T R I B U T I O N I N
H Y D R O G E N - C O O L E D V A N E U N D E R T A K E O F F C O N D I T I O N S , PAGE 1 3
- B I B L I O G R A P H Y -
STEPKA, F R A N C I S S . CONSIDERATIONS OF T U R B I N E C O O L I N G SYSTEMS FOR
H A C K 3 FLIGHT. N A S A TN D-4'491, 1968//HHITLOW, JOHN B., J R . ,
EISENBEHG, JOSEPH D., AND S H O V L I N , MICHAEL D. POTENTIAL OF
LIQUID-METHANE FUEL FOR MACH-3 COMMERCIAL SUPEBSONIC TRANSPORTS.
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PEOPERTIES OF HYDROGEN IN ITS VARIOUS ISOTOPIC AND ORTHO-PARA
MODIFICATIONS. J. RES. NAT. BUR. STANDARDS, VOL. 11, NO. 5, N O V .
1948, PP. 379-475//HENDRICKS, ROBERT C., G R A H A M , ROBERT H., HSU,
YIH Y. , AND FHIEDflAN, BOBEHT. EXPEBIMENTAL HEAT-TBANSFEB RESULTS
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- A B S T H A C T -
A N A N A L Y T I C A L S T U D Y H A S B E E N M A D E O F T H E W E I G H T S A N D C O O L A N T
R E Q U I R E M E N T S O F M E T H A N E - A N D H Y D R O G E N - C O O L E D S T R U C T U R A L P A N E L S .
T H E W E I G H T S H E R E B A S E D O N D E S I G N P R O C E D U R E S F O R M I N I M U M WEIGHTS
D E V E L O P E D U N D E R R E F E R E N C E S 1 AND 2 . THE P R E S E N T STUDIES
E N C O M P A S S E D A R A N G E OP H E A T F L O X E S F R O M 10 TO 500 BTU/SEC-FT(2)
(114 TO 5680 K W / M ( 2 ) ) , A R A N G E OF APPLIED P R E S S U R E S FROM 6.9 TO
250 PSI {48 TO 1720 K N / M ( 2 ) ) r AND C O O L A N T OUTLET T E M P E R A T U R E S OF
1400, 1600, AND 1790 DEGREES H, (778, 889, AND 978 K). THE RESULTS
OF THE STUDY INDICATE THAT THE W E I G H T OF M E T H A N E R E Q U I R E D TO
A C C O M M O D A T E A GIVEN - H E A T ? L U X WILL BE 4*5 TO 4.8 TIMES THAT OF
H Y D R O G E N , BUT THAT THE T A N K A G E V O L U M E FOR LIQUID M E T H A N E WILL BE
20 TO 25 PERCENT LESS T H A N T H A T FOR THE LIQUID H Y D R O G E N . PRESSURE
LOSSES IN T HE M E T H A N E COOLED P A N E L S W E R E HIGHER AND T H E R M A L
C O N D U C T A N C E S W E R E G E N E R A L L Y L O W E R T H A N THOSE I N T H E H Y D R O G E N
COOLBD PANELS. C O N S E Q U E N T L Y , T H E M E T H A N E COOLED P A N E L S W E R E
G E N E R A L L Y SLIGHTLY H E A V I E R T H A N THE H Y D R O G E N COOLED PANELS AND
C O U L D NOT BE D E S I G N E D TO A C C O M M O D A T E THE HIGHER H E A T FLUXES AT THE
H I G H E R C O O L A N T O U T L E T T E M P E R A T U R E S .
- P E R T I N E N T FIGURES-
TAB.5 M I N I M U M WEIGHT CONCEPT 1 P A N E L W E I G H T S FOR SELECTED H E A T I N G ,
L O A D I N G , AND COOLANT OUTLET T E M P E R A T U R E CONDITIONS, PAGE 19//TAB.6
M I N I M U M WEIGHT CONCEPT 2 P A N E L WEIGHTS FOR SELECTED H E A T I N G ,
L O A D I N G AND COOLANT ODTLEP T E M P E R A T U R E CONDITIONS, 21//FIG.17
COMPARISON OF M I N I M U M WEIGHTS FOB CONCEPT 1 AND CONCEPT 2
METHANE-COOLED PANELS AT T H R E E OUTLET T E M P E R A T O R E S WITH VARIOUS
HEATING AHD L O A D I N G CONDITIONS, PAGE 39//FIG.18 COMPARISON OF THE
M I N I M U M CONCEPT 1 P A N E L WEIGHTS FOR H Y D R O G E N AND M E T H A N E COOLANTS
AT T H R E E OUTLET T E M P E E A T U R E S WITH VARIOUS H E A T I N G AND L O A D I N G
CONDITIONS, PAGE 40//FIG.19 COMPARISON OF THE M I N I M U M CONCEPT 2
P A N E L WEIGHT FOR H Y D R O G E N AND M E T H A N E COOLANTS AT T H R E E OUTLET
T E M P E R A T U R E S WITH V A R I O U S H E A T I N G A N D L O A D I N G CONDITIONS, P A G E 4 1
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TO HYPERSONIC AIRCRAFT. NASA CR-1650, 1970//HALTERS, F. H., AND
B U C H M A N N , 0. A. HEAT T R A N S F E R AND FLUID FLOW A N A L Y S I S OF HYDROGEN
COOLED P A N E L S AND M A N I F O L D SYSTEMS. N A S A CR-66925, JOLY
1970//WEBER, R I C H A R D J. , D U G A N , J A M E S F. , AND LDIDENS, ROBER W.
M E T H A N E - F U E L ED PROPULSION SYSTEMS. ASTRONAUTICS AND AERONAUTICS,
VOL. 4, NO. 10, OCTOBER 1966//BHITLOH, J. B., JR. E I S E N B E R G , J.
D. r AND SHOVLIN, M. D. POTENTIAL OF LIQUID-METHANE FUEL FOR M A C H 3
C O M M E R C I A L SUPERSONIC TRANSPORTS. ' N A S A TN D-3U71, 1966//ANON.
PROPERTIES OF P A R A H Y D R O G E N . REP. 9050-6S, A E R O J E T G E N E R A L CORP.,
PRA-SA-DSR-30, S E P T E M B E R 1963
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- A B S T R A C T -
B E C A U S E OF THE L I M I T E D SUPPLIES OF FOSSIL FUELS A V A I L A B L E , OUR
E N E R G Y S U P P L Y P A T T E R N W I L L U N D E R G O SO3E R A D I C A L C H A N G E S I N T H E
N E A R F U T U R E . O N E O F T H E C H A N G E S T H A T I S POSSIBLE I S T H E
D E V E L O P M E N T OF A FUEL SYSTEM B A S E D UPON A SYNTHETIC C H E M I C A L F U E L
D E R I V E D F R O M N U C L E A R E N E R G Y A N D F U L L Y R E C Y C L A B L E M A T E R I A L S SUCH A S
AIR AND W A T E R . OF THE V A R I O U S FUELS T.HAT CAN BE C O N S I D E R E D , THE
MOST L I K E L Y TO C O M E INTO USE IS H Y D R O G E N . THE FEASIBILITY AND
I N T R O D U C T I O N OF SUCH A SYSTEM W I L L NOT BE W I T H O U T M A J O R P R O B L E M S ,
M A N Y OF W H I C H WILL R E Q U I R E F A I R L Y LONG L E A D TIMES FOR THEIS
SOLUTION. A C C O R D I N G L Y , THE INSTITUTE OF GAS T E C H N O L O G Y C A S R I F D
OUT FOR THE A M E R I C A N G A S . A S S O C I A T I O N A STUDY OF A N A T I O N W I D E
H Y D R O G E N E N E R G Y P R O D U C T I O N , TRANSMISSION, "DISTRIBUTION, A N D
.UTILIZATION SYSTEM T H A T M A Y U L T I M A T E L Y T A K E T H E PLACE O F T H E
PRESENT N A T U R A L GAS SYSTEM W H E N OUR FOSSIL FUEL SUPPLIES BECOME
SCARCE. THE STUDY WAS I N T E N D E D TO ESTABLISH THE FEASIBILITY OF
SUCH A CONCEPT, TO I D E N T I F Y M A J O R P R O B L E M S AND T I M E T A B L E S
INVOLVED, AND TO R E C O M M E N D A PLAN FOR F U R T H E R INVESTIGATIONS. THAT
S T U D Y , WHICH IS REPORTED HERE, C O M M E N C E D IN JUNE 1971. THB STUDY
CONSIDERS H Y D R O G E N P R O D U C T I O N , T R A N S M I S S I O N , STORAGE,
D I S T R I B U T I O N , UTILIZATION, A N D S A F E T Y , W I T H T H E C U R R E N T STATE O F
THE ART AND WITH THE MOST P R O B A B L E I M P R O V E M E N T S . H Y D R O G E N IS
C O M P A R E D TO THE A L T E R N A T I V E S IN T E R M S OF COST AND S A F E T Y . THIS IS
A V E R Y COMPLETE COVERAGE OF ALL PHASES OF THE SUBJECT.
- P E R T I N E N T FIGURES-
TAB.3-2 S U M M A R Y OF ELECTROLYTIC H Y D R O G E N P L A N T EQUIPMENT, PAGE
III-15// TAB.4-1 MATERIALS GROUPED BY SDSCEPTABILITY TO HYDROGEN
ENVIROHHENT EHBRITTLEHEHT, PAGE IV-11//TAB.5-1 SOME DENSITY,
HEATING VALUE, AND COMPRESSIBILITY FACTOR COMPARISONS BETWEEN
NATURAL GAS ( T A K E N AS H E T H A N E ) AND H Y D R O G E N , PAGE V-11//TAB. 7—1
C O M P A R I S O N OF VARIOUS B Y D H O G E N STORAGE SYSTEMS, P A G E
VII-37//TAB.8-1 H A Z A R D O U S PROPERTIES OF HYDROGEN AND A T Y P I C A L
N A T U R A L GAS, PAGE VIII-2//TAB.8B1 REGOLATORY GUIDELINES FOR
DISTRIBUTION OF HYDROGEN, PAGE VIII-37
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A N E X P E R I M E N T A L I N V E S T I G A T I O N W A S C O N D U C T E D INTO T H E H A Z A R D O U S
B E H A V I O R O F LIQUID O X Y G E N - L I Q U I D M E T H A N E M I X T U R E S . A N A T T E M P T W A S
M A D E TO F I N D A C R I T I C A L D I A M E T E R / N O N-FLOWING FOR M I X T U R E RATIOS
( M R ) OF 3 .5 AND 4.5, H O W E V E R , H O N E C O U L D BE F O U N D . HOLE D I A M E T E R S
(D) D O W N TO .006 I N C H E S WITH L/D IS G R E A T E R T H A N 10 AND D O W N TO
.0155 I N C H E S . W I T H L/D IS G R E A T E R T H A N 100 W E R E I N V E S T I G A T E D . . IN
EACH CASE THE D E T O N A T I O N H A V E P R O P A G A T E D T H R O U G H THE HOLE. A JET
S T R E A M OF THE M I X T U R E WAS PASSED T H R O U G H AN- OPEN .FLAME,. AT THE
H I G H E R JET VELOCITIES THE S T R E A M WOULD NOT IGNITE, W H I L E AT • LOW
VELOCITIES THE S T R E A M W O U L D B U R N SMOOTHLY. THE B U R N I N G VELOCITY
HAS F O U N D TO BE A B O U T 3-1/2 FPS FOR D * .063 I N C H E S AND MR * 3.5
AND DECREASED TO ABOUT 2-1/2 FPS FOR D * .018 INCHES AND HR f 4.5.
TESTS W E R E C O N D U C T E D TO SEE IF A D E T O N A T I O N W A V E W O O L D PROPAGATE
F R O M ONE C O N T A I N E R OF THE M I X T U R E TO A N O T H E R T H R O U G H A SOLID W A L L
S E P A R A T I N G T H E T W O C O N T A I N E R S . I T W A S F O U N D T H A T T H E D E T O N A T I O N
W A V E W O U L D NOT P R O P A G A T E T H R O U G H A 1 /4 I N C H THICK A L U M I N U M
B A R R I E R . IT WAS ALSO F O U N D T H A T A H A L F SINE W A V E ACCELERATION OF
21 GS A L O N G THE L O N G I T U D I N A L AXIS OF A C O L U M N OF THE M I X T U R E 6
I N C H E S HIGH A N D . 3 3 INCHES I N D I A M E T E R W O U L D N O T C A U S E T H E M I X T U R E
TO DETONATE.
-PERTINENT FIGURES-
FIG. 1 D I A G R A M OF PHYSICAL SYSTEM, PAGE 14//FIG.2 CONFIGURATION
NF-3A, PAGE 15//FIG.7 CONFIGURATION FOR FLOW TESTS, PAGE 20//FIG.8
SHOCK TEST SAMPLE CUP, PAGE 21
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K O N O P B O P E L L A N T FEASIBILITY S T U D Y , D O C U M E N T N O . D5-1U212, 1969
- S O U R C E I H F O R M A T I O N -
C O R P O R A T E SOURCE -
T U L A N E U N I V E R S I T Y , N E W O R L E A N S , L A .
J O U R N A L P R O C E E D I N G S -
C H Y O G . E N G . CONF. , 1-21, U N I V E R S I T Y OF COLO., BOULDER, COLO,
JUN 17-9, 1970. P A P E R F-2
OTHER I N F O R M A T I O N - .. . ' .. .
0021 PAGES, 0008 F I G U R E S , 0000 TABLES, 0008 R E F E R E N C E S
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keys 9096 through 91"00
F L A M M A B I L I T Y CHARACTERISTICS OF COMBUSTIBLE GASES AND
V A P O R S
by
Z A B E T A K I S , M. G.
00/00/65.
S E C U R I T Y CLASS
0/0nrestricted
ACCESS L E V E L
Spi D a t a B a n k
REPORT CLASS
State Of Art
E N T R Y E V A L .
Good/Excel.
- A B S T R A C T -
THIS IS A S U M M A R Y OP THE A V A I L A B L E LIMIT OF F L A M M A B I L I T Y ,
A U T O I G N I T I O N , A N D B U R N I N G - R A T E D A T A F O R W O R E T H A N 2001 C O M B U S T I B L E
G A S E S A N D V A P O R S I N A I R A N D OTHER O X I D A N T S , A S W E L L A S O F
E M P I R I C A L ROLES A N D G R A P H S T H A T C A N B E U S E D T O PREDICT S I M I L A R
D A T A FOR T H O U S A N D S OF O T H E R C O M B U S T I B L E S U N D E R A V A R I E T Y OF
E N V I R O N M E N T A L CONDITIONS. SPECIFIC DATA ARE P R E S E N T E D ON THE
P A R A F F I N I C , U N S A T U R A T E D , A R O M A T I C , A N D ALICYCLIC H Y D R O C A R B O N S ,
ALCOHOLS, ETHERS, ALDEHYDES, KETONES, A N D SULFUR C O M P O U N D S , A N D A N
ASSORTMENT OF - F U E L S , FUEL B L E N D S , • H Y D R A U L I C FLUIDS, E N G I N E OILS,
AND MISCELLANEOUS COMBUSTIBLE GASES AND VAPORS. IN ADDITION THIS
S U R V E Y C O N T A I N S A - SECTION ON H Y D R O G E N INCLUDING. I N F O R M A T I O N . ON
LIQUID H Y D R O G E N B U R N I N G CHARACTERISTICS AND RATES AS WELL AS THE
H A Z A R D S ASSOCIATED WITH H Y D R O G E N SPILLS. SOME DATA IS ALSO
INCLUDED ON LIQUID M E T H A N E . THIS IS EXCELLENT WORK.
- P E R I I N S N T FIGURES-
FIG. 11 5 R A T E OF V A P O R I Z A T I O N OF LIQUID H Y D R O G E N F R O M P A R A F F I N IN A
2.8-IUCH D E W A R FLASK. INITIAL LIQUID DEPTH — 6.7 INCHES, P A G E
93//FIG.116 T H E O R E T I C A L LIQUID R E G R E S S I O N HATES FOLLOWING SPILLAGE
OF LIQUID H Y D R O G E N ONTO, A, AN A V E R A G E SOIL, B, MOIST S A N D Y SOIL,
AND C, DRY S A N D Y SOIL, P A G E 93//FIG. 118 E X T E N T OF F L A M M A B L E
M I X T U R E S AND HEIGHT OF VISIBLE CLOUD FORMED AFTER R A P I D S P I L L A G E
OF 3 LITERS OF LIQUID H Y D R O G E N ON A DRY M A C A D A M SURFACE IN A
QUIESCENT AIR A T M O S P H E R E AT 15 DEGREES C, PAGE 9U//FIG.119 MOTION
PICTURE S E Q U E N C E OF VISIBLE C L O U D S AMD FLAMES R E S U L T I N G
SPILLAGE OF 7.8 LITERS OF L I Q U I D H Y D R O G E N ON A G R A V E L
18 DEGREES C, PAGE 95//FIG.120 M A X I M U M F L A M E HEIGHT
PHODUCED BY IGNITION OF V A P O R - A I R MIXTURES F O R M E D
SPILLAGE OF 2.8 TO 89 LITERS OF LIQUID H Y D R O G E N , PAGE
FEOM R A P I D
SURFACE AT
AND WIDTH
BY S U D D E N
96//FIG.121
B U R N I N G RATES OF LIQUID H Y D R O G E N AND OF LIQUID H E T H A N E





B D R E A D OF B I N E S , PITTSBURGH, PA.
REPORT N U M B E R -
BM-BOLL-627
OTHER I N F O R M A T I O N -
0121 PAGES, 0131 F IGURES, 0022 TABLES, 0249 REFERENCES
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keys 9143 through 9x1
FIRE AND EXPLOSION H A Z A R D S OF C R Y O G E N I C LIQUIDS
by
V A N D O L A H , f i . W .
06/09/68
S E C U R I T Y CLASS
• !'•/ cJ n re s t r ic t ed




E N T R Y E V A L .
Good/Excel.
- A B S T R A C T -
B E V I E W O F PHYSICAL A N D P H Y S I O L O G I C A L H A Z A R D S O F C R Y O G E N I C LIQUIDS,
W I T H E M P H A S I S O N T H E FIRE A N D E X P L O S I O N P R O B L E M S A S S O C I A T E D WITH
S T O R A G E A N D H A N D L I N G . L I Q U I D H Y D R O G E N A N D LIQUID M E T H A N E A R E T H E
F U E L S C O N S I D E R E D , W I T H H Y D R O G E N R E C E I V I N G T H E MOST E M P H A S I S .
P R O B L E M S DISCUSSED A R E D E T E C T I O N , E A S E O F I G N I T I O N , E X P L O S I O N
PRESSURES, POOL B U R N I N G , A N D L A R G E V O L U M E DISPOSAL B Y M E A N S O F
V E N T STACKS OR B U R N PONDS. S E V E R A L A P P R O A C H E S TO THE Q U E S T I O N OF
S E P A R A T I O N DISTANCES F O R L A R G E V O L U M E STORAGE A R E E X A M I N E D .
LIQUID OXIDIZERS SUCH AS O X Y G E N , F L U O R I N E AND NITRIC OXIDE, W H I C H
P R E S E N T S E V E R E FIRE Pf iOBLEMS IF SPILLED. B E C A U S E OF I N C R E A S E D
B U R N I N G 'BATES O F C O M B U S T I B L E S I N T H E O X I D A N T - E N R I C H E D A T M O S P H E R E
AN.P THE . POSSIBILITY. OF M I X T N G WI.T.H L IQUID FUELS TO PRODUCE'
C O N D E N S E D P'BASE EXPLOSIVES, A R E DISCUSSED. I N P A R T I C U L A R , FLUORINE
P R E S E N T S U N I Q U E H A Z A R D S B E C A U S E OF ITS E X T R E M E R E A C T I V I T Y WITH
N E A R L Y ALL OF THE MATERIALS IT MAY CONTACT, AND N I T R I C OXIDE HAS
A N U N A N T I C I P A T E D SENSITIVITY T O H A 5 D D E T O N A T I O N .
- P E R T I N E N T F I G U R E S -
FIG.9-2 DISPERSION OF M E T H A N E F R O M POOLS, PAGE 233//FIG.9-3 EXTENT
O F F L A M M A B L E Z O N E A B O V E D O S J N H I H D D I K E F O L L O W I N G S P I L L A G E O F L N G ,
P A G E 234// FIG.9-4 EXTENT OF THE F L A M M A B L E M I X T U R E S AND HEIGHT OF
THE VISIBLE CLOUD FORMED A F T E R THE R A P I D SPILLAGE OF LIQUID
H Y D R O G E N , PAGE 235//FIG.9-5 R E L A T I O N B E T W E E N B U R N I N G B A T E S A N D
T H E R M O C H E M I S T R Y OF FUELS, P A G E 237// FIG.9-6 V A R I A T I O N IS D I S T A N C E
FOR 2 CALOBIES PER S Q U A R E C E N T I M E T E R W I T H M A S S OF LIQUID H Y D R O G E N ,
P A G E 238//TAB.9-4 C O M P A R I S O N OF M I N I M U M DISTANCES FROM LIQUID
H Y D R O G E N STORAGE TO EXPOSURES, PAGE 239
-SOURCE INFORMATION-
CORPORATE SOURCE -
B U R E A U OF MINES, PITTSBURGH, PA. DEPARTMENT OF THE INTERIOR
REPORT NUMBER -
A69-33679
J O U R N A L PROCEEDINGS -
APPLICATIONS OF CRYOGENIC TECHNOLOGY (CRYOGENIC TECHNOLOGY
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SYMP. OF CRYO-68, CHICAGO, ILL. , JON 9-12, 1968. LECTURE)
OTHER INFORHATION -
0021 PAGES, 0006 FIGURES, 0006 TABLES, 0025 REFERENCES
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keys 5853 through 5855




S E C U R I T Y CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L
0/Unrestricted Unlimited Incrementa l Good/Excel,
- & B 3 T R A C T -
THIS C H A P T E R IS C O N C E R N E D SITH THE H A N D L I N G AND S T O R A G E OF
C R Y O G E N I C FLUIDS I N S H A L L Q U A N T I T I E S , D I S P O S A L O F SUCH F L U I D S ,
O P E R A T I O N A L P R O C E D U R E S A S S O C I A T E D W I T H C H Y O G E N I C FLUIDS, A N D
P E R S O N N E L PROTECTION. B R I E F C O V E R A G E IS G I V E N TO MOST OF THE
M A T E R I A L P R E S E N T E D H E R E , BUT IT P R O V I D E S A GOOD S T A R T I N G POINT FOR
F U R T H E R S T U D Y . '
- P E R T I N E N T F I G U R E S -
FIG.51 FLAMS-STABILITY D I A G R A M FOR M E T H A N E IN AIR, PAGE 88
- 8 I B L I O G R A P H Y -
THE G E N E R A L SAFETY C O M M I T T E E OF THE M A N U F A C T U R I N G CHEMISTS
ASSOCIATION, INC. , G U I D E FOR SA FETY IN THE C H E M I C A L L A B O R A T O R Y , D.
V A N N O S T R A N D CO., INC. , N E W Y O R K , 1954, P P . 1-6//NATIONAL S A F E T Y
C O U N C I L ACCIDENT P R E V E N T I O N M A N U A L F O R I N D U S T R I A L OPERAIIOSS.-
M & T I O N A L SAFETY C O U N C I L , CHICAGO, 1959, C H A P T E R S 1-10//H.A.J,
PISTERS A N D J . W . C R E Y G H T O N , S A F E T Y I N T H E C H E M I C A L L A B O R A T O R Y ,
A C A D E M I C PRESS, I N C . , NEB Y O f i K , 1957, PP . 1-305//HOWARD H.
F A H C E T T A N D W I L L I A M S . W O O D ; S A F E T Y A N D A C C I D E N T P R E V E N T I O N I N
C H E M I C A L OPERATIONS, JOHN W I L E Y AND SONS,, ISC., NEH Y O R K , 1965,
PP. 1-617//RUSSEL B. SCOTT, C H Y O G E N I C E N G I N E E R I N G , D. VAN
MOSTRAND CO., INC., P R I N C E T O N , N.J . , 1959, PP. 142-2 1 V/RALPH
L & N D A U AND R . R O S E N , I N D U S T R I A L H A N D L I N G OF FLUORINE, IND. ENG.
C H E M . , 39.281-286 (19U7)//S.G. T U R N B U L L , A.F. B E N N I N G , G . W .
F E L D M A N N , A,L. LINCH, R.C. M C H A B N E S S , A N D M.K. BICHARDS, AHALYSIS
AND DISPOSAL OF FLUORINE, IND. ENG. CHEM. , 39.286-288 (19a?) //ff. P.
HENDERSON ( C H A I R M A N ) ET AL. , THE H A N D L I N G AND S T O R A G E OF LIQOID
PROPELLANTS, U.S. G O V E f i N H E N I PRINTING OFFICE, H f t S H I N G T O N , D.C. ,
1963, PP. 95-108//HAROLD B. SCHMIDT, REACTION OF FLUORINE WITH
CARBON AS A M E A N S OF F L U O R I N E DISPOSAL, NACA RM E57E02, NASA,
WASHINGTON, D. C. , 1957, PP. 1-17//DA7ID BUBGESS AND HICHAEL G.
ZABETAKIS , FIRE AND EXPLOSION H A Z A R D S ASSOCIATED WITH LIQUEFIED
N A T U R A L GAS, B U R E A U OF M I N E S , U.S. D E P A R T M E N T OF THE INTERIOR,
REPORT OF INVESTIGATIONS 6099, PITTSBURGH, 1962, 3U PP.//JOSEPH
G R U B E R , M A R G A R E T E . HARRIS, AND V A L E R I A R . BOHE, F U N D A M E N T A L
495
F L A S H B A C K , BLOWOFF, AND YELLOH-TIP LIMITS OF FUEL GAS-AIR
M I X T U R E S , B U R E A U OF MINES, D.S. D E P A R T M E N T OF THE INTERIOR, REPORT
OF INVESTIGATIONS 5225, PITTSBURGH, 1956, 199PP. / /BERNARD LEWIS
AND G U E N T B E R VON ELBE, COMBUSTION, FLAMES AND EXPLOSIONS OF GASES,
2ND ED., ACADEMIC PRESS, I N C . , NEW Y O R K , 1961, 731 PP.//J.D. HAJEK
AND E.E. LUDWIG, HOW TO DESIGN SAFE F L A R E STACKS, PETRO/CHEM
E N G I N E E R , J U N E 1960, PP. C31-C38, JULY 1960, PP. C44-C51//A.
ROBERTS, B.R. PURSALL, AND J. B. SELLERS, M E T H A N E L A Y E R I N G IN MINE
205.535-541, 588-593, 630-636, 723-732,
PERLEE, ISRAEL LIEBMAN, AND MICHAEL G.
F L A M M A B I L I T Y OF STRATIFIED M E T H A N E - A I R
U.S . D E P A R T M E N T OF THE INTERIOR, REPORT
A I R W A Y S COLLIERY G U A R D I A N ,
756-763 (1962) / /HENRY E.
ZABETAKIS, FORMATION AND
M I X T U R E S , BUREAU OF MINES,
OF INVESTIGATIONS 6348, P I T T S B U R G H ,
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
B U R E A U OF MINES, PITTSBURGB, PA.
J O U R N A L PROCEEDINGS -
SAFETY WITH CRYOGENIC FLUIDS, CH. 5, 82-97 (1967)
OTHER I N F O R M A T I O N -
0016 PAGES, 0004 FIGURES, 0000 TABLES, 0028 REFERENCES
496
keys 2984 through 29-8"5
IGNITION AND COMBUSTION CHARACT ERISTICS OF L I Q U I D O X Y G E N
A N D LIQUID M E T H A N E M I X T U R E S
by
r H I E M E , J . O .
£ V E R Y , R . L .
05/00/65
S E C U R I T Y CLASS
U/Unrestricted
A C C E S S . L E V E L
Unlimited
REPORT CLASS
S u m m a r y
E N T R Y E V A L .
Acceptable
-ABST8ACT-
THIS P A P E R P R E S E N T S THE R E S U L T S OF A S T U D Y N E C E S S A R Y TO E V A L U A T E
T H E POSSIBILITY O P USING L I Q U I D O X Y G E N - L I Q U I D M E T H A N E M I X T U R E S A S
R O C K E T M O N O P80PELLANTS. T H E E X P E R I M E N T S » E R E D E S I G N E D T O
D E T E R M I N E T H E IGNITION A N D C O N T R O L L E D B U R N I N G FEASIBILITY O F T H E S S
F U E L A N D OXIDIZER M I X T U R E S . R E S U L T S O F T H E S E TESTS S H O W T H A T
L I Q U I D O X Y G E N - L I Q U I D M E T H A N E M I X T U R E S C A N B E B U R N E D U N D E R C E R T A I N
CONDITIONS. T H E S E C O N D I T I O N S ARE P R E S E N T E D AS H E L L AS LESS
F A V O R A B L E CONDITIONS W H E R E D E T O N A T I O N C A N B E EXPECTED T O O C C U R U
P H O T O G R A P H S O F T H E D A M A G E I N C U R R E D FROM A N U N E X P E C T E D D E T O N A T I O N
ARE .ALSO - ' I N C L U D E D . A . C U R S O R Y I N V E S T I G A T I O N OF THE D A M A G E D
E Q U I P M E N T D I D N O T R E V E A L ' T H E C A U S E A L T H O U G H A BLOCKED N ( 2 )
PRESSURIZATION LINE IS P R O B A B L E .
- P E R T I N E N T FIGURES-
FIG.. 1 B I P R O P E L L A N T T A N K S Y S T E M , , P A G E 1'Hi//FIG.2 M O N O P R O P E L L A ST
FUEL T A N K , P A G E 11U//FIG.3 LIQUID O X Y G E N - L I Q U I D M E T H A N E P R S S S U H i i
T A N K , P A G E 115//FIG.U O P E R A T I O N A L SKETCH O F M O N O P R O P E L L A W T
C H A R G I N G S C H E M E A N D TEST E Q U I P M E N T , , P A G E 115//FIG.5 L I Q U I D
H E T H A N E - A I R F L A M E , PAGE 115//FIG.6 F U E L - R I C H LIQUID O X Y G E N - L I Q U I D
M E T H A N E F L A M E , PAGE 115//FIG. 7 3 TO 1 LIQUID OXG Y E N - L I Q U I D
M E T H A N E F L A M E , P A G E 116//FIG.8 3 TO 1 LIQUID O X Y G E N - L I Q U I D M E T H A N E
F L A M E , PAGE 116//FIG.9 E X P L O S I O N D A M A G E , P A G E 116//FIG.10
EXPLOSION D A M A G E , P A G E 116
- B I B L I O G R A P H Y -
EVEBT, RICHARD L. , AND JAMES 0. THIEME, J. SPACECRAFT ROCKETS, 2
787-789 (1965) / /STRENG,A.G. , AND A.D. K I R S H E N B A U M , J . C H E M . E N G .
DATA, 4, 127-131 (1959) / /M2KINLEY, C L Y D E , I M P R O V E M E N T S IN AND





CONTINENTAL OIL CO., PONCA CITY, OKLA.
JOURNAL PROCEEDINGS -
AEROSPACE CHEH. ENG., 3HEM. ENG. PROG. SYMP. S ER. VOL 62, NO.
61, 113-7 (MAY 1965)
OTHER INFORMATION -
0005 PAGES, 0010 FIGURES, 0000 TABLES, 0003 REFERENCES
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keys 9972 through 9973
N A T U R A L GAS-AIR EXPLOSIONS AT R E D U C E D P R E S S U R E . D E T O N A T I O N
VELOCITIES A N D PRESSURES
by
G E H S T E I N , H .
C A R L S O N , E . R .
H I L L , F . U .
12/00/54
t
S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y E V A L ,
U/Unrestricted Unlimited Summary Acceptable
- A B S T R A C T -
E X P L O S I O N S O F S T O I C H I O M E T K I C N A T U R A L G A S - A I R M I X T U R E S C A N D E V E L O P
VELOCITIES C H A R A C T E R I S T I C OF D E T O N A T I O N S AT I N I T I A L P R E S S U R E S h5
L O W A S 0 . 2 A T M O S P H E R E . M E A S U R E D E X P L O S I O N P R E S S U R E S E X C E E D E D T H E
T H E O R E T I C A L L Y PREDICTED P R E S S U R E S OF A D E T O N A T I O N . THE D E T O N A T I O N
H A Z A R D CAN BE REDUCED BY THE PROPER APPLICATION OF W A T E R S P R A Y S IS
THE REGION IN W H I C H THE D E T O N A T I O N IS B E I N G D E V E L O P E D . THE
COMBINATION OF HATER SPRAYS AND A L A R G E - I N C R E AS E IN THE V O L U M E OF
THE SYSTEM STOPPED THE ESTABLISHED D E T O N A T I O N .
-PERTINENT FIGURES-
T J L B . 1 FINAL DETONATION VELOCITIES, PAGE 2561//TAB.2 D E T O N A T I O N .
PRESSURES, PAGE 256//TAB.3 EFFECTIVENESS OF W A T E R INJECTION, P A G E
2562
- B I B L I O G R A P H Y -
GSRSTEIN, M., L E V I N E , 0 . , AND W O N G , E. L. , J . AM. C H E M , SOC. 12,
U18-22 (1951J//JOST, W., EXPLOSION AND C O M B U S T I O N PROCESSES ISI
GASES, NEW Y O R K , M C G R A W - H I L L BOOK CO., 19U6//LEHIS, B . , AND VON
ELBE, G. , COMBUSTION, FLAMES AND EXPLOSIONS OF GASES, NEW Y O R K ,
A C A D E M I C PRESS, 1951//HATL. BUR. S T A N D A R D S , SELECTED V A L U E S OF
PROPERTIES OF H Y D R O C A R B O N S , C I R C . C 461 ( 1 9 4 7 ) / / T U R I N , J. J. , AND
H U E B L E R , J. , A M E R I C A N GASS ASSOCIATION, REPORTS TO COMMITTEE ON




NATIONAL ADVISORY COMMITTEE FOR A E R O N A U T I C S , CLEVELAND, OHIO.
LEWIS FLIGHT PROPULSION LAB.
J O U R N A L PROCEEDINGS -
499
IHD. ENG. CHEM. VOL 46, 2558-2562 (DEC 1954) {PRES. AT THE
AMERICAN CHEMICAL SOCIETY MEETING, 12UTH, CHICAGO, ILL.)
OTHEB INFORMATION -
0005 PAGES, 0007 FIGURES, 0003 TABLES, 0005 REFERENCES
500
keys 15059 through 1506.8
REVIEW OF FIRE AND EXPLOSION HAZARDS OF FLIGHT VEHICLE
COMBUSTIBLES
by
P E R L E E , H . E.
L I E B M A N , I .
Z A B E T A K I S , M . G .
04/00/63
S E C U R I T Y CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E 7 A L .
U/Unrestricted NTIS Incremental Good/Excel,
- A B S T E A C T -
THIS IS THE THIBD IN A S2HISS OF R E P O R T S ON THE FIRE AND EXPLOSION
H A Z A R D S A S S O C I A T E D W I T H C O M B U S T I B L E S A M D OTHER G A S E S L I K E L Y T O B E
F O U N D I N A I R C R A F T A N D MISSILE S Y S T E M S . I T P R E S E N T S T H E O R E T I C A L A N D
E X P E R I M E N T A L R E S U L T S O N H O M O G E N E O U S A N D H E T E R O G E N E O U S M I X T U R E S I N
A I R , T W O P R E S S U R E PEAKS W E R E O B S E R V E D I N V E N T I N G H Y D R O G E N - A I R
M I X T U R E S INTO A LOH P R E S S U R E A T M O S P H E R E . S H E N V E N T I N G A FIRE
A B O V E A LIQUID POOL U N D E R THE ' S A M E C O N D I T I O N S , THE LIQUID
REGRESSION R A T E A N D FLAME SIZE HERE F O U N D T O INCREASE. M O L E C U L A R
D I F F U S I O N APPEARS TO BE THE CHIEF FACTOR IN ESTABLISHING THE
POSITION OF THE LOWER LIMIT . OF F L A f l M A B I LIT* OF BOTH
LIGHTER-THAN-AIR A N D H E A V I E R - T H A N - A I B COMBUSTIBLE, QUIESCENT, G A S
L A Y E R S , THE POSITION OF THE UPPER LIMIT C A N N O T BE PREDICTED BY
C O N S I D E R I N G M O L E C U L A R D I F F U S I O N A L O N E . T H E RATIO O F T H E W O R K D O N S
A G A I N S T THE G R A V I T A T I O N A L F O R C E TO T H A T D O N E BY THE T U R B U L E N T
STRESSES I S U S E F U L I N A N A L Y Z I N G M I X I N G PROCESSES I N F L O W I N G ,
L A Y E R E D SYSTEMS. T H E G R A V I T A T I O N A L FIELD S T R E N G T H ALSO APPEARS T O
A F F E C T T H E TIME D E L A Y BEFORE I G N I T I O N O F . f t C O M B U S T I B L E V A P O R 1 U
AI3.
- P E R T I N E N T F I G U R E S -
FIG.2 P R E S S U R E T R A C E S P R O D U C E D F O L L O W I N G THE I G N I T I O N OF A U N I F O R M
H Y D R O G E N - A I B M I X T U R E C O N T A I N I N G 13 V O L U M E P E R C E N T H Y D R O G E N FOB
V A R I O U S E X T E R N A L V E N T P R E S S U R E S , PAGE 15//FIG.5 M A X I M U M PRESSURES
DEVELOPED DURING THE COMBUSTION OF STRATIFIED L A Y E R S OF
METHANE-AIB MIXTURES IN AIR FOR VARIOUS DIFFUSION TIMES, AND
INITIAL M E T H A N E CONCENTRATIONS, PAGE 18//FIG.7 B A N G S OF F L A M f l & B L E
M I X T U R E COMPOSITIONS FOBHED F R O M THE DIFFUSION OF M E T H A N E INTO AIR
AT 75 F, PAGE 20//FIG.20 EFFECTS OF N A T U R A L GAS FLOW BATE,
V E N T I L A T I O N VELOCITY, AND LOCATION OP IGNITION SOURCE ON THE F L A M E
V E L O C I T Y T H B O U G H STBiTIFIED N A T U R A L GAS-AIB LAYEBS IN A 6.5-FT
DIAMETER GALLEBY, P A G E 33//FIG.23 PBBSSDBE HISTORIES FOLLOBIRG (A)
VENTING A 2U-INCH DIAMETEB S P H E R E AT 15 PSIA PRESSURE INTO A LOW
PBESSURE E N V I B O N M E N T (0.01 P S I A ) , ( B ) V E N T I N G T H E S A H E SPHERE
CONTAINING A BDBNING POOL OF LIQUID U D H H AND (C) VENTING A GAS
501
PHASE EXPLOSION OF GASOLINE VAPORS IN AIR, PAGE 36//FIG.24
ADTOIGNITION TIME DELAYS OF N - D E C A N E IN 5-INCH DIAMETER STAINLESS
STEEL SPHERICAL VESSELS AT 417 D E G R R E S F FOR ACCELOR ATIONAL FIELDS
OF 1 G AND 10 G, PAGE 37
-BIBLIOGRAPHY-
VAN D O L A H , R . W . , Z A B E T A K I S , M . G . , BURGESS,D. S .
 r AND SCOTT,G.S.,
R E V I E W OF FIRE AND EXPLOSION HAZARDS OF FLIGHT VEHICLE
COMBUSTIBLES. AS D TECHNICAL REPORT 61-278, 1961//SCOTT,G. S.,
P E H L E E , H .E . , K A R T I N D I L L , G .H. , AND Z A B E T A K I S , M. G. , REVIEW OF FIRE
AND EXPLOSION H A Z A R D S OF FLIGHT VEHICLE COMBUSTIBLES. ASD
T E C H N I C A L REPORT 61-278, S U P P L E M E N T 1, 1962/ /SIMMONDS, W. A. , AND
C U B B A G E , P . A . , THE DESIGN OF EXPLOSION RELIEFS FOR INDUSTRIAL
D R Y I N G O V E N S . PSOC. OF THE SYMPOSIUM ON CHEMICAL PROCESS H A Z A R D S .
INST. O F C H E M I C A L E N G I N E E R S ( L O N D O N ) , 1960 / /COHARD,H.F . , A N D
H A 8 T K E L L , F. J . , STUDIES IN THE M E C H A N I S M OF F L A M E M O V E M E N T . I . THE
U N I F O R M M O V E M E N T O F F L A M E I N M I X T U R E S O F M E T H A N E A N D A I R , I N
R E L A T I O N . TO TUBE D I A M E T E R . J. C H E M . SOC., 1932, PP.
1996-200U/ /BERGER,L .B . , AND D A V E N P O R T , S . J . , EFFECTS OF THE
I N H A L A T I O N OF O X Y G E N . B U M I N E S INF. CIRC. 7575, 1950, P.
11/ /BURGESS,D.S. , S T R A S S E R , A . , AND G H U H E R , J . , DIFFUSIVE B U R N I N G OF
L I Q U I D FUELS IN O P E N T R A Y S . FIRE R E S E A R C H ABSTRACTS AND R E V I E W S ,
V. 3, 1961, PP. 177-192
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C O R P O R A T E SOURCE -
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SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
0/Unrestricted Sp. DataBank Summary Acceptable
-ABSTRACT-
FIRE AND EXPLOSION, APPARENTLY RESULTING FROM A LEAK IN ONE OF
FOOR STORAGE TANKS FOR LIQUEFIED NATURAL GAS, RESULTED IN THE
DEATH OF APPROXIMATELY ONE HUNDRED AND THIBTT PERSONS AND SERIOUS
PROPERTY DAMAGE VARIOUSLY ESTIMATED AT FROM U TO 6 MILLION
DOLLARS. THE LOSS EXTENDED OVER A WIDE AREA INVOLVING MANY
DWELLINGS, SOME MEBCANTILES, INDUSTRIAL PROPERTIES AND A NUMBER OF
AUTOMOBILES. THIS REPORT GIVES D-ETAILS .CONCERNI NG THE OPERATION OF
THE LNG PEAK SHAVING FACILITY AND THE HISTORY OF ITS CONSTRUCTION
AND USE. THERE IS CONSIDERABLE DETAIL ON THE EVENTS LEADING UP TO
THE ACCIDENT AND THE SUBSEQUENT SPREAD OF THE CONFLAGRATION. THE
MOST DETAIL IN THE REPORT CENTERS ON THE DAMAGE DONE BY THE FIKE
AND THE WAY IN WHICH THE FIRE AND VAPOR CLOUD SPREAD ABOUT THE
CITY. THE REPORT ALSO GIVES SOME SPECULATION ON THE CAUSE. THE
SUSPECTED CAUSE IS THE RUPTUBE OF THE CYLINDRICAL STORAGE TANK AS
A RESULT OF THE METAL BECOMING BRITTLE. THE TANK WAS CONSTRUCTED
OF NICKEL STEEL, BUT THE NICKEL WAS NOT OF SUFFICIENT
CONCENTRATION TO PREVENT EMBRITTLEME NT. THE REPORT DOES NOT GIVE
THE RESULTS OF ANY METALLURGICAL STUDIES. THE ONLY RECOMMENDATIONS
GIVEN CONCERN THE FUTURE ISOLATION OF SUCH FACILITIES.
-PERTINENT FIGURES-
FIG. 1 FLAME FILLED SKIES PEESENT A TERRIFYING ASPECT, PAGE
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S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y E7AL.
U/Unrestricted Sp. Da taBank S u m m a r y Good/Excel.
-ABSTRACT-
THIS R E P O R T CONSTITUTES THE CONCLUSIONS AND R E C O M M E N D A T I O N S OF THE
E X P E R T INVESTIGATORS ON THE C A U S E OF THE F A I L U R E OF THE LNG
S T O R A G E TANK. THE CONCLUSIONS ARE SOUND AND EXPLICIT AND THE
R E C O H M E N D A T I O N S ARE R E A S O N A B L Y D R A W N . THE AUTHORS DO NOT CONCLUDE
THAT ANY S I N G L E FACTOR IS T O T A L L Y AT FAULT A L T H O U G H THE M A J O R
B L A M E RESTS. WITH THE SELECTION OF THE M A T E R I A L FOR THE
C O N S T R U C T I O N O F T H E T A N K . - M A N Y ' O F T H E . L I t t E S HERE P O O R L Y , PLACED A N D
THE F I N A L E X P A N S I O N V A L V E COULD IF . I N O P E R A B L E , T R A N S M I T A
D A N G E R O U S L Y L A R G E P R E S S U R E S U R G E TO THE T A N K . IN ADDITION,- THE
S A F E T Y P R E C A U T I O N S (DIKES, S E P A R A T I O N DISTANCES, A N D CATCH BASINS)
WEBE A L M O S T TOTALLY I N A D E Q U A T E . THE AUTHORS R E C O M M E N D THAT MORE
T E C H N I C A L K N O W L E D G E BE B R O U G H T TO BEAB W H E N C E R T I F Y I N G THIS TYPE
OF . I N S T A L L A T I O N , , /RATHER T H A S R E L Y I N G ON E X I S T I N G CODES. THE BASIS
OF THE R E C O M M E N D A T I O N S ABE T H A T THE B U R D E N OF PROOF OF SAFETY
S H O U L D REST WITH THE APPLICANT.
-SOURCE INFORSATION-
CO.HPORATE SOURCE -
•BOSKD OF I N Q U I R Y , C L E V E L A N D , OHIO. - H - A Y O R S OFFICE
O T H E R - I N F O R M A T I O N -
0009 P A G E S , 0000 F I G U E E 5 , 0000 TABLES, 0000 R E F E R E N C E S
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S E C U R I T Y CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestricted NTIS State Of Art Acceptable
-A3STRACT-
THIS BULLETIN LISTS THE F L A M M A B I L I T Y LIMITS OF 155 S U B S T A N C E S IN
AIR AND O X Y G E N AS H E L L AS SOME I N F O R M A T I O N ON F L A M M A B I L I T Y IN
OTHER A T M O S P H E R E S . T H E B U L L E T I N I N C L U D E S RESULTS O F B U R E A U O F
M I N E S I N V E S T I G A T I O N S AS WELL AS OTHERS. T H E R E ARE 368 R E F E R E N C E S .
SOME O F T H E MORE I M P O R P A N T FLUIDS I N C L U D E D A R E H Y D R O G E N ,
P A R A H Y D R O G E N , D E U T E R I U M , A M M O N I A , B Y D R A Z I N E , C A R B O N M O N O X I D E ,
M E T H A N E , E T H A N E , P R O P A N E , B U T A N E , ETC., E T H Y L E N E , P R O P Y L E N E ,
B U T Y L E N E , A C E T Y L E N E , SEVERAL ALCOHOLS, S E V E R A L ETHERS, AND A HOST
OF OTHER O R G A N I C M A T E R I A L S . THE REPORT ALSO I N C L U D E S RESULTS ON
SEVERAL ' M I X T U R E S . . .
-PERTINENT FIGURES-
FIG. 1. LIMITS OF F L A M M A B I L I T Y OF. H Y D R O G E N , C A R B O N M O N O X I D E , AND
M E T H A N E CONTAINING VARIOUS A M O U N T S O F CARBON DIOXIDE A N D N I T R O G E N ,
P A G E 7//FIG.2 LIMITS OF F L A M M A B I L I T Y OF E T H A N E , ETHYLENE, AND
B E N Z E N E C O N T A I N I N G V A R I O U S AMOUNTS O F C A R B O N DIOXIDE A N D N I T R O G E N ,
P A G E 7//FIG.6 I N F L U E N C E OF T E M P E R A T U R E ON LIMITS OF F L A M M A B I L I T Y
O F H Y D R O G E N I N A I R ( D O W N W A R D P R O P A G A T I O N O F F L A M E ) , P A G E
19//FIG.10 LIMITS OF F L A M M A B I L I T Y OF C A R B O N M O N O X I D E IN AIR
( D O W N W A R D P R O P A G A T I O N ) , S H O W I N G EFFECT O F D I A M E T E R O F TUBE, PAGE
32//FIG.29 LIMITS OF F L A M M A B I L I T Y OF M E T H A N E IN M I X T U R E S OF AIR
WITH C E R T A I N C H L O R I N A T E D H Y D R O C A R B O N S A N D W I T H C A R B O N D I O X I D E ,
P A G E 5U//FIG.30 I N F L U E N C E OF P R E S S U R E \ON THE LIMITS OF S O M E
PARAFFIN H Y D R O C A R B O N S ( D O W N W A R D P R O P A G A T I O N OF F L A M E ) , P A G E 56
-BIBLIOGRAPHY-
COWARD, H. F. EXPLOSIBILITY OF ATMOSPHERES BEHIND STOPPINGS.
TEARS. INST. MIN. ENG. , VOL. 78, 1929, PP. 94-115//COSARD, H. F.,
AND BRINSLEY, F. THE DILUTION LIMITS OF INFLAMMABILITY OF GASEOUS
MIXTURES. I. DETERMINATION OF DILUTION LIMITS. II. LOWER LIMITS
FOR HYDROGEN, M E T H A N E , AND CARBON MONOXIDE IN AIR JOUR. C H E M .
SOC., VOL. 105r 1914, PP. 1859-1885//COWARD, H. F. , CARPENTER, C.
H., AND P A Y M A N , W. THE DILUTION LIMITS OF I N F L A M M A B I L I T Y OF
GASEOUS MIXTURES. III. THE L O W E R LIMITS OF SOHB MIXED I N F L A M M A B L E
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GASES WITH AIR. IV. THE OFFER LIMITS OF SOHE GASES, SINGLY AND
M I X E D , IN AIR. JOUR. CHEM. SOC., VOL. 115, 1919, PP.
27-36//COWARD, H. F., COOPER, C., AND JACOBS, J. IGNITION OF
GASEOUS M I X T U R E S BY ELECTRIC DISCHARGE. JOOR. CHEM. SOC.
 f VOL.
105, 1914, PP. 1069-1092//COHARD, H. F., COOPER, C., AND
W A R B U R T O N , C. H. IGNITION OF ELECTROLYTIC GAS BY ELECTRIC
DISCHARGE. JOUR. CHEM. SOC., VOL. 101, 1912, PP.
2278-2287//COHARD, H. F., AND GLEADALL, J. J. EXTINCTION OF
M E T H A N E FLAMES BY W A T E R VAPOB. JOUR. CHEM. SOC., 1930, PP. 243-248
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IN THIS REPORT, THE FACTORS TO BE C O N S I D E R E D IN AN E V A L U A T I O N OF
T H E F IRE A N D E X P L O S I O N H A Z A R D S ASSOCIATED W I T H A N Y FUEL A R E E A C H
DISCUSSED BRIEFLY. THESE FACTORS ARE T H E N USED TO ASSIST IN THE
DESIGN OF E X P E R I M E N T S FOR THE E V A L U A T I O N OF THE H A Z A R D S A S S O C I A T E D
WITH LIQUEFIED N A T U R A L GAS ( L N G ) R E L A T I V E TO THOSE A S S O C I A T E D WITH
OTHER C O M M O N FUELS. E X P E R I M E N T S W E R E CONDUCTED O N T H E V A P O R I Z A T I O N
OF LNG, THE MIXING OF LNG V A P O R S W I T H A I R , THE EFFECT OF
T E M P E R A T U R E AND NITROGE'N DILUTION ON THE LIMITS OF F L A M M A B I L I T Y OF
M E T H A N E IN AIR, THE B U R N I N G RATES OF LNG AflD OTHER FUELS r F L A M E
RADIATION, AND E X T I N G U I S H M E N T OF FIRES A B O V E LIQUID POOLS. B A S E D
ON THE RESULTS OF T H E S E EXPERIMENTS, THE AUTHORS C O N C L U D E THAT LNG
CAN BE STORED SAFELY IN S U I T A B L Y DESIGNED A B O V E - G R O U N D T A N K S
S U R R O U N D E D BY E A R T H E N DIKES IN M U C H THE SAME M A N N E R AS G A S O L I N E .
- P E R T I N E N T FIGURES-
TAB. 2 C O M P A R I S O N OF C O M B U S T I O N CHARACTERISTICS OF M E T H A N E WITH
THOSE OF OTHER FUELS, P A G E 4//TAB.5 T H E R M A L PROPERTIES OF T H R E E
TYPICAL SOILS, PAGE 10//TAB. 9 EFFECT OF POOL SIZE ON B U R N I N G R A T E S
AND FLAME RADIATION E N E R G Y , PAGE 23//FIG.5 V A P O R I Z A T I O N R A T E OF
LNG AFTER SPILLAGE O N T O H A R M INSULATING SURFACES, PAGE 11//FIG.6
COMBUSTIBLE GAS C O N C E N T R A T I O N ABOVE D O W N W I N D D I K E FOLLOWING
SPILLAGE OF LNG INTO 5- BY 5-FOOT DIKED ABBA, PAGE 11//FIG.11
EFFECT OF POOL D I A M E T E R ON LIQUID B U R N I N G RATE U N D E R WINDLESS
CONDITIONS, PAGE 17
-BIBLIOGRAPHY-
ELLIOTT^.A., SEIBEL,C.W., B R O W N , F . H. , A R T Z , R . T . , AND B E R G E R , L . B . ,
8EPOHT ON THE INVESTIGATION OF THE FIRE AT THE LIQUEFACTION
STORAGE AND REGASIFICATION PLANT OF THE EAST OHIO GAS COMPART,
C L E V E L A N D , OHIO, OCTOBER 20, 194U. B U R E A U OF HINES REPT. OF
INVESTIGATIONS 3867, 19U6, U4 PP / /BAKKE,P. , OH THE DISPERSION OF
METHANE ROOF LAYERS BY VENTILATION. PAPER UU, 10TH INTERNAT. CONF.
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- A B S T H A C T -
THIS R E V I E W H A S B E E N U N D E R T A K E N I N C O N N E C T I O N W I T H A N E W R E S E A R C H
P R O G R A M M E C O N C E R N E D W I T H T H E H A Z A R D S O F G A S A N D V A P O U R E X P L O S I O N S .
T H E N E W PROJECT R E L A T E S P A R T I C U L A R L Y T O T H E H A Z A R D S O F M I X T U R E S O F
C O M B U S T I B L E G A S O R V A P O U H W I T H A I R O R O X Y G E N I N C O N F I N E D SPACES
S U C H AS PIPES, DUCTS AND O T H E R E N C L O S E D P L A N T , AND IS T H U S
C O N C E R N E D CHIEFLY W I T H P R E M I X E D FLAMES R A T H E R T H A N DIFFUSION
FLAMES. THE FIELD C O V E R E D IN THIS R E V I E W WAS ALSO RESTRICTED A F T E R
A C O N S I D E R A T I O N OF THE N A T U R E OF THE EXPLOSION H A Z A R D . THUS, WITH
R E G A R D TO FIRE" AND BLAST D A M A G E , THE EXPLOSION PROPERTIES OF
ESPECIAL INTEREST ARE Q U A N T I T I E S S U C H AS THE VELOCITY OF
• P R O P A G A T I O N OF C O M B U S T I O N , THE R A T E S OF . RISE IN. P R E S S U R E , .T.HE
M A X I M U M PRESSURES O B T A I N E D A N D T H E V E N T I N G A R E A S D E S I R A B L E , ETC,
THESE ASPECTS HAVE T H E R E F O R E B E E N C O N C E N T R A T E D UPON IN THIS
REVIEW, TO THE EXCLUSION OF OTHERS SUCH AS IGNITION P H E N O M E N A
(EXCEPT W H E R E R E L A T E D TO F L A M E Q U E N C H I N G ) , F L A M H A B I L I T Y LIMITS,
A N D , TO A L A R G E EXTENT, THE C H E M I S T R Y OF FLAME R E A C T I O N S . THE
I N F O R M A T I O N GIVEN I N THIS R E V I E W H A S B E E N G R O U P E D U N D E R T H E
FOLLOWING H E A D I N G S , F L A M E P R O P A G A T I O N , C O M B U S T I O N I N L O N G
PIPELINES, A N D D E T O N A T I O N , V E N T I N G , F L A M E Q U E N C H I N G . T H E R E V I E W
POINTS O U R S E V E R A L A R E A S W H I C H LACK A D E Q U A T E D A T A . B U R N I N G
VELOCITY M E A S U R E M E N T S F R O M S E V E R A L SOURCES D O N O T A G R E E A N D D A T A
OVER A L A R G E R A N G E FOB V A R I O U S SPECIES DO NOT EXIST. M E A S U R E M E N T S
OF PRESSURES PRODUCED IN C O N F I N E D A R E A S AS A RESULT OF EXPLOSIONS
A R E V E R Y IMPRECISE A N D H A M P E R T H E F U R T H E R I N G O F V E N T I N G STUDIES.
M E A S U R E M E N T S HAVE B E E N M A D E R E G A R D I N G Q U E N C H I N G DISTANCES B U T T H E
A R R E S T I N G OF DETONATIONS HAS PROVED TO BE V E R Y DIFFICULT. MOST OF
THE DATA A V A I L A B L E IN THE LITERATURE COVERED BY THIS REVIEW ABE
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- A B S T R A C T - .
A M E T H O D AND A P P A R A T U S ARE DESCRIBED FOR D E T E R M I N I N G THE H E L I U M
CONTENT OF GASEOUS MIXTURES. THE W O R K HAS DONE SO THAT THE B U R E A U
OF M I N E S COULD MORE A C C U R A T E L Y AND ECONOMICALLY ANALYZE
HELIUM-CONTAINING N A T U R A L GASES, CRUDE HELIUM PURCHASED FROM
P R I V A T E INDUSTRIES, A N D H E L I U M I N GASES USED I N RESEARCH.
A C T I V A T E D COCONUT CHARCOAL IS UTILIZED AT LIQUID NITROGEN
T E M P E R A T U R E TO ADSORB COMPONENTS OTHER T H A N H E L I U M IN THE MIXTURE.
A T R A N S D U C E R IS T H E N USED TO D E T E R M I N E THE H E L I U M P R E S S U R E . T W E N T Y
OR M O R E A N A L Y S E S WITH A S T A N D A R D D E V I A T I O N OF PLUS A.ND MINUS 0.04
PERCENT CAN BE M A D E IN AN 8-HOUR DAY.
- P E R T I N E N T FIGURES-
T A B . 1 H Y D R O G E N M I X T U R E S , P A G E 1748//TAB.2 A N A L Y S E S O F H Y D R O G E N
M I X T U R E S , PAGE 1748//TAB.3 A N A L Y S I S OF N A T U R A L GAS, P A G E
1748//TAB.4 S A M P L E A N A L Y S E S , P A G E 1748
-BIBLIOGRAPHY-
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(1907)// C. C. A N D E R S O N , U. S. B U R . M I N E S , I N F O R M . CIR. , 6796
(1934)/ /E. M. FROST, JR. , U. So BUE. M I N E S R E P . I N V E S T . , 3899
(1946)/ /E. H. FROST, C. G. K I R K L A N D , AND D. E. E M E R S O N , U.S. BUR.
M I N E S REP. I N V E S T . , 6545 (1964) //J. E. M I L L E R , A. J . C A R R O L L , AND
D. E. E M E R S O N , U.S. B U R . M I N E S R E P . I N V E S T . , 6674 (1965)
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CORPORATE SOURCE -
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SECURITY CLASS ACCESS L E V E L REPORT CLASS E N T R Y E V A L .
U/Un restricted Unlimited Summary Accep.tajble
- A B S T R A C T -
THIS P A P E R D E S C R I B E S THE D E V E L O P M E N T OF A L O W - T E M P E R A T U R E
E X P E R I M E N T A L A P P A R A T U S W H I C H IS USED FOR THE D E T E R M I N A T I O N OF
D E N S I T Y O F C R Y O G E N I C L I Q U I D S A N D M I X T U R E S . T H E DENSITY C A N B E
D E T E R M I N E D U N D E R A T M O S P H E R I C A N D S U B A T M O S P H E R I C P R E S S U R E A N D I N A
T E M P E R A T U R E R A N G E OF 77 TO 273 K. IN SELECTING A S U I T A B L E
E X P E R I M E N T A L METHOD TO OBTAIN A C C U R A T E DENSITY D A T A , A R E V I E W OF
THE METHODS P R E V I O U S L Y USED FOR SUCH M E A S U R E M E N T S WAS MADE. AFTER
C A R E F U L STUDY OF THIS R E V I E W AND E R R O R A N A L Y S E S OF DIFFERENT
TECHNIQUES, . IT WAS, C O N C L U D E D THAT THE P Y C N O M E T E R METHOD - WOUL'D
YIELD THE MOST A C C U R A T E DENSITY RESULTS. DESIGN OF THE
FUSED-QUARTZ P Y C N O M E T E R , THE STAINLESS STEEL W E I G H I N G BOMB, AND
THE INTERCONNECTING AND ASSOCIATED EQUIPMENT ARE DISCUSSED.
-PERTINENT FIGURES-
FIG. 1 SCHEMATIC D I A G R A M OF THE E X P E R I M E N T A L A P P A R A T U S , P A G E
273//FIG.2 W E I G H I N G BOMB, P A G E 27U//FIG.3 S C H E M A T I C D I A G R A M OF
FUSED Q U A R T Z P Y C N O M E T E R , PAGE 2 7 U
-BIBLIOGRAPHY-
S H A N A A , M . Y . , P H . D . DISSERTATION, UNIVERSITY OF O K L A H O M A , IN
PREPARATION// A R P , V . , W I L S O N , J . H . , i INRICH,L. , AND SIKORA,P . ,
CRYOGENICS 2, 230 (1962)// DIN,F. AND COCKETT,A.H. , LOH
TEMPERATURE TECHNIQUES, GEORGE N E W N E S LTD., LONDON (1960), P. 83
-SOURCE INFORMATION-
COBPOBATE SOURCE -
OKLAHOMA U N I V . , N O R M A N
JODBNAL PROCEEDINGS -
A D V A N . CRYOG. E N G . VOL 11, 272-6 (1966) (PROC. OF CRYOGENIC


















THE SOLUBILITY OF 24 H Y D R O C A R B O N S IN LIQUID M E T H A N E HAS BEEN
STUDIED F R O M . T H E I R M E L T I N G - P O I N T S TO THE C R I T I C A L T E M P E R A T U R E OF
M E T H A N E . SOME H Y D R O C A R B O N S C O N T A I N I N G FIVE C A R B O N ATOMS, A N D
ALMOST ALL THOSE C O N T A I N I N G MORE T H A N FIVE C A R B O N ATOMS, ARE
INCOMPLETELY MISCIBLE W I T H M E T H A N E IN THIS R A N G E OF T E M P E R A T U R E .
M A N Y SYSTEMS EXHIBIT L O W E R C R I T I C A L SOLUTION POINTS. T H E
T E M P E R A T U R E S OF T H E S E POINTS FALL AS THE GAS-LIQUID CRITICAL
T E M P E R A T U R E S OF THE SOLUTES RISE. THE H Y D R O C A R B O N S INCLUDE THE
PENTA-NES, H E X A N E S A N D H E P T A N E S A S W E L L A S P E N T A N E A N D H E X E N E .
- P E R T I N E N T F I G U R E S -
TAB. 1 SOLUBILITY OF H Y D R O C A R B O N S IN LIQUID M E T H A N E , PAGE 79//FIG.3
LIQUID-LIQUID AND LIQUID-SOLID C U R V E S FOR EIGHT OF THE SYSTEMS OF
T A B L E 1 , PAGE 82//FIG.4 THE L O W E R CRITICAL SOLUTION T E M P E R A T U R E S
AS A F U N C T I O N OF THE G A S - L I Q U I D CRITICAL T E M P E R A T U R E S OF THE
SOLUTES, P A G E 83//FIG.5 T H E L O W E R CRITICAL SOLUTION T E M P E R A T U R E S
AS F U N C T I O N S OF H I L D E B R A N D S S O L U B I L I T Y P A R A M E T E R DELTA, PAGE 84
- B I B L I O G R A P H Y -
R O W L I N S O N AND F R E E H A N , P U R E APPL. C H E M . VOL 2 , 329 (1961) / /CLUSIUS
AND R I C C O B I N I , A . , P H Y S I K . C H E N . B VOL 38, 81 ( 1937)/ /MICHELS AND
N E D E R B R A C H T , PHYS1CA VOL 2, 1000 ( 1 9 3 5 } / / L A M B E R T , J . D . , ROBERTS,
R O W L I N S G N AND W I L K I N S O N , PROC. ROY 30C. A VOL 196, 113
( 1 9 4 9 ) / / H A M A N N AND L A M B E R T , J . A. , A U S T R A L . J . CHEM. VOL 7, 1
( 1 9 5 4 ) / / D A V E N P O R T , F R E E M A N A N D R O W L I N S O N , A H S R . IHST. C H E M . E N G .
J. VOL 8, 428 (1962 ) / /KOBE AND L Y N N , C H E M R E V . VOL 52, 117 (1953)
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E SOURCE -
IMPERIAL COLL. OF SCIENCE AND TECHNOLOGY, LONDON, E N G L A N D
J O U R N A L PROCEEDINGS -
T R A N S . F A R A D A Y SOC. VOL 59, NO. 481, PT. 1, 78-84 ( J A N 1963)
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U/Unrestricted Unlimited Incremental Good/Excel.
- ABSTRACT -
THIS P A P E R GIVES R E S U L T S O F A N E X P E R I M E N T A L P R O G R A M T O M E A S U R E T H E
ELECTRICAL STRENGTH O F L I Q U I D M E T H A N E A N D LIQUID A R G O N . T H E
E X P E R I M E N T S USED GOLD A L U M I N U M A N D S T A I N L E S S STEEL A S A N O D E
M A T E R I A L AND TO M E A S U R E THE EFFECTS OF M A T E R I A L C H A N G E S . THE
E L E C T R I C A L S T R E N G T H O F A R G O N W A S 1.02 M V / C M A N D S H O W E D N O
I N F L U E N C E T O A N O D E M A T E R I A L . LIQUID M E T H A N E , O N T H E OTHER H A N D ,
DID SHOW AS MUCH AS A 50 P E R C E N T EFFECT OF C A T H O D E AND A N O D E
M A T E R I A L S , V A R Y I N G F R O M 0 .4 MV/CM ' F O R GOLD TO 1 .5 MV/CM FOR
STAINLESS STEEL. THE P R E S E N C E OF . O X Y G E N IONS IS K N O W N TO EFFECT
THE STRENGTH. ' . .
- P E R T I N E N T FIGURES-
TAB. 1 ELECTRIC S T R E N G T H OF O X Y G E N - F R E E ARGON S H O W I N G ABSENCE OF
A N O D E INFLUENCE, P A G E 100//TAB.II I N F L U E N C E OF CATHODE AND A N O D E
SURFACES ON THE ELECTRIC STRENGTH OF LIQUID M E T H A N E , P A G E
102//FIG.1 I N F L U E N C E O F C A T H O D E A N D A N O D E O N S T R E N G T H O F N O R M A L
A R G O N , P A G E 99//FIG.2 I N F L U E N C E OF ELECTRODE O X I D A T I O N ON S T R E N G T H
O F O X Y G E N - F R E E A R G O N , PAGE 100//FIG.3 STRENGTH O F N O R M A L A R G O N
W I T H PULSE VOLTAGES, PAGE 101
-BIBLIOGRAPHY-
S W A N , D . W . AND LEWIS,T.J. , J. ELECTROCHEN. SOC. VOL 107, 180
(1960), S H A N , D . W . AND LEWIS,T.J. , PROC. PHYS SOC. VOL 78, 448
(1961) / /HANCOX,R. , BBIT. J. APPL. PHYS. VOL 8, 476
(1957)/ /SWAN,D. W. , PHOC. PHYS. SOC. VOL 78, 423 (1961)//LEWIS,T.J.
AND W R D , B . W . , PBOC. BOY. SOC. A VOL 269, 233 (19 62)//DAVIS, H.T .,
BICE,S.A. AND M E Y E R , L . , J. CHEM. PHYS. VOL 37, 947 (1962)
-SOURCE INFORMATION-
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A U T O M A T I C F IRE PROTECTION S Y S T E M F O R M A N N E D H Y P E R B f i f i l C
C H A M B E R S . P H A S E I . S Y S T E M D E V E L O P M E N T
by
E G 3 L E S T O N , L . A .
H E R R E R A , H . R .
C 0 1 M E R F O R D , G. E.
08/01/70
S E C U R I T Y CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestr icted Unl imited Incremental Good/Excel.
- A B S T 3 A C T -
The problems of fire detection and suppression in dense
atmospheres typical of diving chamber service are analyzed, with
special attention to nitrogen- oxygen up to 8 atm. and
helium-oxygen up to U5 atm. Spectral comparisons indicated either
infrared (IR) or ultraviolet (UV) flame detectors may be used.
The current IR equipment is the better choice. There is a need
for a combustion products detector, and an acceptable model is
availa.ble. Although it is sensitive to changes in . atmospheric
density, automatic compensation is feasible.. Dense atmospheres
affect the performance of water spray nozzles. Complete data are
given for a typical line of commercial nozzles for four sizes and
five nozzle angles, at flow pressures of 60 psig and chamber
pressures up to 500 psig. A water rate for suppression is
estimated at 2-3 gpm/sq. ft., and supported by fire test data.
The flash- off of dissolved gases can be a serious problem in
system design. A closed water loop balanced to chamber pressure
and pump driven when needed is preferred to any system which
exposes water to gas pressures above the chamber operating level
for periods long enough to permit saturation.
-PERTINENT .FIGURES-
FIG. 16 CORRELATION OF TEST DATA ON DRY CHEMICAL FLOW RATE
REQUIREMENTS FOR EXTINGUISHING HYDROCARBON PIT AND SPILL FIRES
PAGE 35
-3IBLIOGHAPHY-
EGGLESTON, L. A. : EVALUATION OF FIRE EXTINGUISHING SYSTEMS FOR USE
IN OXYGEN RICH ATMOSPHERES. SWRI REP. 03-209U, BAY 18, 1967//COOK,
G.A., DORR, V.A., AND SHIELDS, B.H. : REGIONS OF NONCOMBOSTION IN
NITROGEN-OXYGEN AND HELIUM- OXYGEN DIVING ATMOSPHERES. TEC, VOL 7,
308, APR. 1968//TURNER, H.L. AND SEGAL, L.: FIRE BEHAVIOR AND
PROTECTION IN HYPERBARIC CHAMBERS. FIRS TECH., VOL 1, NO. 4, NOV.
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1965//AULT, W . E . AND C A R T E R , D. I . : THE I N F L U E N C E OF HYPERBAFIC
C H A M B E R P R E S S U R E ON W A T E R S P R A Y P A T T E R N S . FIRE J. , VOL 61, NO. 6,
NOV. 1967/ /TRUMBLE, T . K . : I N T E G R A T E D F I R E A N D O V E R H E A T DETECTION
SYSTEM FOR M A N N E D FLIGHT VEHICLES. TECH. REP. AFAPL-TR-67-129,
W R I G H T - P A T T E R S O N AFB//HILL, K. AND HORNSTEIN, B.: DETECTION OF
H Y D R O G E N - A I R FIRES A N D E X P L O S I O N I N AEROSPACE VEHICLES V I A O H BAND
AND W A T E R B A N D EMISSION. TECH. R E P . ASD-TDR-6 3-1 13,
W R I G H T - P A T T E R S O N A F B
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RECENT D E V E L O P M E N T S IN THE L A S E R BEAM FIRE DETECTION SYSTEM
b y
G H O S H , B .K .
03/08/72
S E C U R I T Y CLASS ACCESS L E V E L R E P O R T C L A S S E N T R Y E V A L .
U/Unres t r i c ted Unl imi t ed S u m m a r y Acceptable
- A B S T R A C T -
I m p r o v e m e n t s made in a he l ium-neon laser beam f i r e , detection
system overcame the fo l l owing d isadvantages : (1) Due to t he rma l
effects , the spot, of light can m o v e ; a large photocell was used to
accommodate this m o v e m e n t . (2) Ove r long path lengths, the beam
can move completely off e i ther the corner cube m i r r o r or the
photocell due to var ious a m b i e n t causes, and it has to be m a n u a l l y
readjusted. The modif ied sys tem consists of a 1 mW hel ium-neon
laser wh ich passes th rough two lenses which f o r m a collimator.
There are two servo-driven glass plates between the two lenses,
which can rotate to produce a small change in the direction of the
beam. The beam then moves unde r the ceiling over the length -of
the- area to be protected, falls on a corner cube m i r r o r , and coines
back onto a q u a d r a n t photocell. The signals f r o m the photocells
are processed in the same way as in the basic system to give a
fire alarm. There is also provision for a faul t a l a r m in case of
laser fa i lure .
- 3 I B L I O G R A P H Y -
L A W S O N , D . I . : F I R E D E T E C T I O N U S I N G L A S E R B E A M S . I N S T I T U T I O N O F
FIRE E N G . Q U A R T E R L Y , VOL. 39 , NO. 71 , 255-264, 1968, F I R E
PROTECTION R E V . , ' V O L . 31, NO. 333, 372-375, 1968, F IRE, VOL. 61,
NO. 757, 78-79, "1968 FIRE T E C H . , V O L . «*, NO. U, 257-26U,
1968/ /LAHSON, D. I . : A L A S E R B E A M .FIRE D E T E C T I O N S Y S T E M .
I N S T I T U T I O N OF F I R E ENG. Q U A R T E R L Y , V O L . 30 , NO. 79 , 284-300,
1970, A N T I N C E N D I O , V O L . 22, NO. 9 , 502-508, 1970, F I R E T E C H . , VOL.
6 , NO. U, 305- 311, 1 9 7 0 / / O S U L L I V A N , E.F., G H O S H , B . K . , AND
T U R N E R , J. : E X P E R I M E N T S ON THE USE OF A L A S E R B E A M FOR F I R E
DETECTION, P A R T 1, HEAT D E T E C T I O N . F I R E RES. NOTE NO. 823, JOINT
FIRE R E S . O R G . , 1970
- S O U R C E I N F O R M A T I O N ^
C O R P O R A T E S O U R C E -
FIRE R E S E A R C H STATION, Q O R E H A M HOOD ( E N G L A N D ) .
J O U R N A L PROCEEDINGS -
IN ITS: S Y M P O S I U M OF A U T O M A T I C F IRE PROTECTION, L O N D O N , M A R .
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-ABSTRACT-
A brief description is given of the laser system operating
principles, the approach to the alignment problem, and the
addition of the smoke detection facility in the laser fire
detection system. Performance information is assessed fro.m two
pilot installations: a power station and a building the size of a
large aircraft hangar. These systems respectively illustrate the
two extremes of operating conditions: long, low, confined areas
such as cable tunnels and high large volume areas such as
warehouses. The results of a full-scale test program carried out
in a simulated coal mine gallery are then discussed, wi.th
particular ejnphasis placed on the effects due to air- movement- and
the presence of discrete amounts of coal dust in the atmosphere.
Finally, laboratory experience which relates to such matters as
laser tube life, ambient light compensation and other allied
optical considerations is discussed.
-SOURCE INFORMATION-
CORPORATE SOURCE -
FIRE RESEARCH STATION, BOREHAM HOOD (ENGLAND)
JOURNAL PROCEEDINGS -
IN ITS: SYMPOSIUM ON AUTOMATIC FIRE DETECTION, LONDON, MAR.
8-10, 1972
OTHER INFORMATION -
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-ABSTRACT-
The current state, of the art of leading fire detector designs is
reviewed. The detectors are classified into two categories: (1)
conventional, readily available from a commercial supplier and in
current use; and (2) non- conventional, in the research or
development stage, and/or not used in the fire detection field.
Fire type, its rate of progression, and convective ascent and
lateral spreading of a fire plume are also examined since they are
important to the detection problem. The limitations and salient
features of the two types of detectors are outlined in relation to
.their response to combustion products; visible smoke, light, heat,
and sound. It; was concluded that a standardized or interrelated
test procedure is needed whereby one can rate the various detector
types according to response time and frequency of false alarming.
The problem is complicated by the operational differences in the
detectors and the numerous types of fires. In assessing or
comparing detector response time, the complete fire environment
must be considered. Small-scale laboratory test results are not
representative of actual room size tests. If laboratory test
results are to be used, then at least the dependence of fire plume
velocity and spreading on height should be known.
-BIBLIOGRAPHY-
CHAFFEE, D.L. : A STUDY OF FIRE ALARMS AND FIRE ALARM SYSTEMS.
TN-980, NAVAL CIVIL ENG. LAB., PORT HOENEME, CALIF., AUG.
1968//HATERS, G.L.: ADVANCES IN INFRARED FIRE DETECTION. FIRE
INTERN., VOL. 27, 67-70, JAN. 1 970//GR ABO»SKI, G.J.: THE FUTURE
OF AUTOMATIC FIRE PROTECTION. COLLOQUIA ON FIRE PROBLEMS, APPLIED
PHYSICS LAB., THE JOHNS HOPKINS UNIV., MAY 6, 1971//PUTN AM, T.M.
AND PARKER, J.E.: TESTS OF COMBUSTION PRODUCT DETECTORS IN A
RADIATION ENVIRONMENT. FIRE IECH., VOL. 5, NO. 4, 274-283,
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TESTING M E T H O D OF F I R E DETECTORS IN B U I L D I N G S
b y
H A T A N A B E , A .
03/00/72
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U/Unres t r ic ted U n l i m i t e d S u r c m a r y Acceptable
- A B S T R A C T -
After summarizing the-behavior of room temperature under non-fire
and fire conditions, a testing method is described for thermal
detectors. The method is a linear temperature rise test using a
slow horinzontal hot air stream and a step form temperature rise
test using a vertical stream for spot type detectors. Similarly,
experimental results on smoke movement determined the sensitivity
of the smoke detectors for the purpose of saving lives from smoke
in hotels, hospitals, and multistoried buildings. The effect of
various smokes in a small room, of smoke movement on the operation
of smoke detectors, and of the particle distribution of -smoke
.obtained .by sedimentation method on smoke detectors using the
light scattering method for visible 'smoke and those using the ion
counter method for invisible smoke are all briefly discussed, as
are testing methods simulating various environmental conditions.
-PERTINENT FIGURES-
TAB. 1 SENSITIVITIES OF SMOKE DETEC TORS//TAB. 2 SMOKE DENSITY AT
THE TIME OF OPERATION OF TYPICAL SMOKE DETECTORS
-SOURCE INFOKMATION-
CORPORATE SOURCE -
FIRE RESEARCH STATION, BOREHAM WOOD (ENGLAND).
JOURNAL PROCEEDINGS -
IN ITS: SYMP ON AUTOMATIC FIRE DETECTION, LONDON, (MAR. 8-10,
1972)
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-ABSTRACT-
Pyrotect.or f l a m e and smoke detect ion systems are pr imari ly
designed to detect various type fires in aircraft engine nacelle,
cargo compartments , ' and other una t tended areas in aircraf t . The
systems are comprised of three m a j o r components: optical f l ame
detectors, light scattering smoke detectors, and a control
ampl i f ie r that can be used w i t h either type detector. System
components can be all f l ame detectors in the case of engine
installations or all smoke detectors in the case of baggage and
cargo compartment installations, or a combination of both. The
f l a m e detector utilizes two photoconductiye cells to analyze the
light radiat ion being- received by the detector and provide a
signal to a control amplifier. A cell that is responsive to visual
in f ra red is connected in series .with a cell that is responsive to
the visual b lue-whi te region of the spectrum. The smoke detector
operates on the reflective light principle wherein a l ight beam is
directed at r ight angles to the v iewing pa th of a photocondactive
cell inside a small c i rcular c h a m b e r which has the ends covered
wi th cup shaped covers m o u n t e d on spacers so that smoke can pass
freely t h r o u g h the interior by convect ion. The system design,
characteristics, and installation recommendat ions are summarized.
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
P Y R C T E C T O R , I N C . , H I N G H A 3 , M A S S .
R E P O R T N U M B E R -
AD-730179
J O U R N A L P R O C E E D I N G S -
I N : F A A A I R C R A F T FIRE D E T E C T I O N C O N F , W A S H I N G T O N , D . C . ( N O V .
16-17, 1970) ( S E E F7200765)
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STATE-OF-THE-ART R E V I E W O F F I R E A N D O V E R H E A T DETECTION
T E C H N I Q U E S D E V E L O P E D B Y T H E U N I T E D STATES A I R FORCE
b y
T R U i l B L E , T. t t .
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U/Unrestr icted Unlimited State -Of Art Acceptable
- A B S T R A C T -
An overview is presented of the fire and overheat detection
techniques developed by the U.S. Air Force. An optical fire
detction system was developed using the first environmentally
qualified, coherent 12 1/2 ft. fiber optical bundle, coupled to
an electronic light sensor using a 20 hz. low pass electronic
filter. The fiber bundles exhibited excellent transmission in the
visible spectrum and were qualified for use in 1000 deg. F. areas
where existing infrared, ultraviolet, visible sensors could not
operate. The feasibility of using ultraviolet sensitive gas
multiplication tubes for hydrogen flame detection was proved. Work
was done on t-h'e way- fire -and overheat detection coul.d . be used
best. An integrated fire and overheat system was developed for
aircraft. A computer tied together 4 each infrared, ultraviolet,
and continuous elements in 5 modes. The normal mode requires one
sensor to detect and another sensor to verify the presence of a
fire or overheat. A survey was made of the state of the art of
fire and overheat sensors.
-PERTINENT FIGURES-
FIG. 1 MICROCIRCUIT -COMPUTER FOR INTEGRATED FIRE AND OVERHEAT








IN: FAA AIRCRAFT FIRE DETECTION CONF, WASHINGTON, D. C. (NOV.
16-17, 1970) (SEE F7200765)
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FIRE DETECTION AND ACTUATION DEVICES FOR HALON
EXTINGUISHING SYSTEMS
by
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A review is presented of the presently used techniques and
installat ion condi t ions of f i re detection: fixed temperature, rate
of temperature rise, rate conpensation, particulate matter ,
visible smoke, f lame ultraviolet, and f l a m e infrared. The degree
of sensitivity of each of the above fire detection techniques to
the 3 classes for f ires (Classes A , B , and C) is summarized. Af t e r
selection of the proper detection technique that meets the system
requirements, it is necessary to select equipment with
consideration of sensit ivi ty, reliability, maintainabili ty, and
stability. Each .of these is discussed for the available devices on
the marke t . Whi le automatic systems will a lways require m a x i m u m
performance, the use of Halons places an even greater e'mphasis on
the impor tan t factors in the system design: detectors, wir ing,
power supply, and reliability analysis. Each of these components
of a Halon suppression system is discussed.
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E V A L U A T I O N O F R E S E A R C H T E C H N I Q U E S F O R E V A L U A T I N G FULL-FLOR
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FULL-FLOW, L I G H T - E X T I N C T I O N T Y P E S M O K E M E T E R S . TH E TESTS M E A S U R E
T H E F O L L O W I N G C H A R A C T E R I S T I C S : ( 1 ) C A L I B R A T I O N , M E A S U R E D B Y U S I N G
N E U T R A L D E N S I T Y O P T I C A L F I L T E R S T O E V A L U A T E T H E L I N E A R I T Y O F A K
I N S T R U M E N T U N D E R I D E A L C O N D I T I O N S ( I . E . , R O O M T E M P E R A T U R E , F U L L Y
STABILIZED, C O N S T A N T SUPPLY V O L T A G E , N O SHOCK, V I B R A T I O N , N O R
P O T E N T I A L SOOT C O N T A M I N A T I O N ) ; ( 2 ) I N S T R U M E N T D R I F T ; ( 3 ) I N P U T
V O L T A G E S E N S I T I V I T Y ; ( 4 ) T E M P E R A T U R E S E N S I T I V I T Y ; ( 5 ) R E S P O N S E
TIME; ' ( 6 ) S E N S I T I V I T Y T O A M B I E N T L I G H T ; ( 7 ) S H O C K A N D V I B R A T I O N
R E S I S T A N C E ; A N D ( 8 ) E N G I N E . TEST, U N D E R A C T U A L O P E R A T I N G
CONDITIONS. D A T A F R O M TESTS OF" 6 S M O K E M E T E R S ARE P R E S E N T E D AND A
DISCUSSION OF METHODS OF E V A L U A T I N G S M O K E M E T E R S IS I N C L U D E D .
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by
F R Y , J.F.
E V E L E I G H , C.
03/00/70
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- A B S T R A C T -
A N A L Y S I S OF STATISTICS C O L L E C T E D D U R I N G 1 YR. HAS D E M O N S T R A T E D THE
F R E Q U E N C Y A N D R E A S O N S F O R T H E O C C U R R E N C E O F FALSE A L A R M S B Y
A U T O M A T I C F I R E D E T E C T I O N S Y S T E M S . T H E DETECT I O N - A L A R M S Y S T E M S
I N C L U D E D H E A T A N D S M O K E D E T E C T O R S , M A N U A L A L A R M S , A N D S P R I N K L E R
S Y S T E M S . IT WAS F O U N D T H A T THE RATIO OF FALSE C A L L S TO G E N U I N E
F I R E CALLS G I V E N BY A U T O M A T I C S Y S T E M S OF ALL TYPES WAS ABOUT 11 TO
1. ABOUT 25 P E R C E N T OF THE F A L S E CALLS R E C E I V E D W E R E A T T R I B U T E D TO
A M B I E N T C O N D I T I O N S ( S U C H A S E X T R A N E O U S H E A T A N D S M O K E , H I G H
A M B I E N T T E M P E R A T U R E , S N O W , A N D R A I N ) , A L M O S T 5 0 P E R C E N T T O
M E C H A N I C A L A N D * ' E L E C T R I C A L ' P R O B L E M S ( S U C H AS D E F E C T I V E H I R I N G ,
D E F E C T I V E H E A D S , A N D V I B R A T I O N S ) , A N D A P P R O X I M A T E L Y 1 7 P E R C E N T
F R O M F A I L U R E IN OR MI'S USE OF THE' C O M M U N I C A T I O N SYSTEMS. DMA
C O N C E R N I N G T H E D I S T R I B U T I O N O F F A L S E A N D ACTUAL A L A R M S D U R I N G T H E
DAY S H O W E D T H A T THE RATIO OF F A L S E TO TOTAL CALLS IS SLIGHTLY
H I G H E R D U R I N G T H E D A Y T H A N D U R I N G T H E N I G H T . D A T A A L S O S H O W E D T H A T
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F A L S E A L A R M S C A U S E D B Y D E F E C T I V E W I R I N G A N D O T H E R M E C H A N I C A L A N D
E L E C T R I C A L F A U L T S . IT IS A L S O R E C O M M E N D E D T H A T A S E N S I T I V I T Y L E V E L
BE SELECTED R E L A T E D TO THE A M B I E N T C O N D I T I O N S IN W H I C H A DETECTOR
M U S T O P E R A T E I N O R D E R T O E L I M I N A T E M A N Y O F T H E F A L S E A L A R M S
R E L A T E D T O A M B I E N T C O N D I T I O N S .
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A D V A N C E S IN THE RAPID E X T I N C T I O N OF FIRES IN . H I G H - R A C K E D
S T O R A G E S
by
N A S H , P .
B R I D G E , H . W .
Y O U N G , R . A.
03/00/73.
S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS ENTRY S V A L .
U/Unrest r ic ted Unl imi ted S u m m a r y Acceptable
- A B S T R A C T -
F I R E TESTS W E R E C O N D U C T E D T O D E T E R M I N E T H E E F F E C T I V E N E S S O F A N E W
F I R E DETECTION A N D S U P P R E S S I O N S Y S T E M F O R H I G H - R A C K E D P A L L E T
S T O R A G E I N W A R E H O U S E S . T H E S Y S T E M H A S B E E N D E S I G N E D T O DETECT A N D
E X T I N G U I S H THE F I R E IN TH2 S L O W INITIAL STAGES 0? ITS G R O W T H . A
L I N E DETECTOR I S D I S T R I B U T E D A R O U N D T H E H A C K I N G , A N D S P R I N K L E R S A T
V A R I O U S L E V E L S ( O R Z O N E S ) O F T H E S T O R A G E R A C K S A R E A C T I V A T E D T O
E X T I N G U I S H T H E FIRS. T H E P E R F O R M A N C E R E Q U I R E M E N T S F O R T H E S Y S T E M
A B E : (1) A 0-2 M I N . DETECTION .TIME; . ( 2 ) A R E S P O N S E TIME FOR
S P R I N K L E R S , OF NOT M O R E T H A N 1 M I N . AFT-ER D E T E C T I O N AND FULL
S U P P R E S S I O N W I T H I N 8 M I N . ; ( 3 ) M I N I M U M P R O D U C T I O N O F S M O K E ; ( U )
COST W H I C H DOES NOT EXCEED 10 P E R C E N T OF THE V A L U E OF THE B U I L D I N G
A N D R A C K I N G I N S T A L L A T I O N ; A N D ( 5 ) A FAIL S A F E W A R N I N G W H E N T H E
SYSTEM IS I N O P E R A T I V E . A L I N E D E T E C T O R IS USED TO A C T I V A T E AN
ELECTRICAL C I R C U I T W H E N H E A T E D TO 68 DEG. C . THE C U R R E N T D E T O N A T E S
A N Y L O N F R A N G I B L E DISC IN THE S P R I N K L E R H E A D AND P E R M I T S W A T E R TO
F L O W . I N T H E F I R E TESTS, T H E R E W E R E 6 L E V E L S O F P A L L E T S , A T O T A L
O F 11.4 M . H I G H , W I T H S P R I N K L E R S A N D D E T E C T O R S A T E A C H LEVEL. T H E
C O M B U S T I B L E M A T E R I A L S W H I C H F I L L E D T H E 7 2 P A L L E T S W E R E C A R D B O A R D
C A R T O N S , W O O D W O O L B A L E S , P O L Y U R E T H A N E SOAM BLOCKS, BOXES O F
A E R O S O L S , A N D F O A M E D P O L Y T H E N E REELS. R E S U L T S S H O W E D THAT M A X I M U M
F L A H E H E I G H T R E A C H I N A N Y TEST W A S O N L Y 2 . U ? ! . A N D T H E M A X I M U M
D A M A G E TO GOODS BY F I R E WAS O N L Y 2 P A L L E T L O A D S . IT WAS C O N C L U D E D
T H A T T H E SYSTEM SUCCESSFULLY P R E V E N T E D FISE S P R E A D F R O M T H E CELL
I N W H I C H FIRE O R I G I N A T E D , N O M A T T E R W H A T T H E N A T U R E O F T H E STORED
GOODS. A N E N T I R E L Y - N O N - E L E C T R I C A L S Y S T E M , W H I C H W A S ALSO TESTED
AND S H O W N TO BE EFFECTIVE, IS DESCRIBED.
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- A B S T R A C T -
TESTS WE BE C O N D U C T E D TO E V A L U A T E THE P E R F O R M A N C E OF 5 P O R T A B L E
F L A M M A B L E G A S D E T E C T O R S A T . " . ' E L E V A T E D T E M P E R A T U R E S . T H E
C A T A L Y T I C - F I L A M E N T T Y P E F L A M M A B L E G A S DETECTORS W E R E BASED O N T H E
P H E N O M E N O N O F C A T A L Y T I C O X I D A T I O N . THEY C O U L D GIVE A N INDICATION
OF THE E X P L O S I V E N A T U R E OF A M I X T U R E OF F L A M M A B L E GAS OR V A P O R AND
A I R I N M A N Y S I T U A T I O N S , I N C L U D I N G N E W L Y E M P T I E D A V I A T I O N FUEL
S T O R A G E T A N K S . T H E D E T E C T O R S W E R E C A L I B R A T E D I N P E R C E N T A G E S O F T H E
L O W E R E X P L O S I O N LIMIT C O N C E N T RAT ION. OF F L A M M A B L E GASES. THE FUELS
U S E D I N - - T H E S E E X P E R I M E N T S W E R E U-H'E X A N E , • • . AVT A€ (JP-U JET F U E L ) , '
AND CIVGAS. N - H E X A N E WAS T E S T E D AT 25 DEC. C. AND AT 65 DEG. C. TO
D E T E R M I N E T E M P E R A T U R E EFFECT. A L L ' O T H E R TESTS H E R E CONDUCTED A T
65 D E G . C. IT WAS F O U N D T H A T FOR N - H E X A N E G A S , U OF THE DETECTORS
W E R E LESS S E N S I T I V E AT 65 DEG. C. T H A N AT 25 DEG. C. THE G A S - A I R
M I X T U R E S W E R E V A R I E D F R O M 1 0 0 P E R C E N T O F T H E L O W E R EXPLOSION LIMIT
T O 1 0 P E R C E N T . R E S U L T S S H O W E D T H A T W H E N W O R K I N G WITH VAPOR
C O N C E N T R A T I O N S O F LESS T H A N 2 5 P E R C E N T O F T H E L O W E R E X P L O S I O N
LIMIT C O N C E N T R A T I O N , 2 OF THE D E T E C T O R S .DID NOT GIVE A S T E A D Y
R E A D I N G . R E A D I N G S T A K E N A B O V E 5 0 P E R C E N T O F T H E L O W E R EXPLOSION
L I M I T W E R E G E N E R A L L Y QUITE S T E A D Y A N D A L L R E A D I N G S W E R E R E A C H E D
W I T H I N 15-25 SEC. O F P A S S I N G T H E G A S - A I R M I X T U R E T H R O U G H T H E
I N S T R U M E N T S . . IT WAS C O N C L U D E D T H A T THE D E T E C T O R S C O U L D BE USED TO
G I V E A N A L A R M W H E N T H E C O N C E N T R A T I O N O F A F L A M M A B L E G A S EXCEEDS A
C E R T A I N V A L U E f B U T T H E D E T E C T O R S A B E N O T R E L I A B L E B E L O W A B O U T 2 5
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TESTS W E R E C O N D U C T E D T O M E A S U R E T H E P E R F O R M A N C E O F S O M E P O R T A B L E
G A S D E T E C T O R S W I T H A V I A T I O N F U E L V A P O R S A T E L E V A T E D T E M P E R A T U R E S .
T H E FUEL D S E U W E R E A N A V I A T I O N T U R B I N E FUEL ( A V C A T ) , A K E R O S E N E
F U E L ( K E R O B ) A N D JP-1 J E T F U E L ( A V T U R ) . T H E TESTS W E R E C O N D U C T E D
AT 65 DEC. C. V A R I O U S C O N C E N T R A T I O N S OF F U E L V A P O P IN AIR W E R E
PASSED INTO A N E X P L O S I O N L I M I T S T U B E A N D S U B J E C T E D T O A i N
ELECTRICAL S P A R K . W H E N A V A P O R C O N C E N T R A T I O N W A S F O U N D W H I C H , W H E N
E X C E E D E D , G A V E RISE T O - A S E L F - P R O P A G A T I N G F L A M E , T H I S H A S - T A K E N A S
T H E L O W E R . E X P L O S I O N LIMIT ( L E L ) C O N C E N T R A T I O N . ' T H E L E L M I X T U R E W A S
THEN" PASSED T H R O U G H T.HE D E T E C T O R - A N D T H E R E A D I N G C H E C K E D I N E A C H
CASE. R E S U L T S S H O W E D THAT T H E HESPO.NSE O F T H E DETECTORS W A S L O W .
I T W A S R E C O M M E N D E D T H A T A V A P O R B E F O U N D W H I C H , W H E N USED T O
C A L I B R A T E T H E D E T E C T O R S , W O U L D I N S U R E CORRECT O R HIGH ( A N D T H U S
E R R I N G O N T H E S I D E O F S A F E T Y ) R E A D I N G S W I T H T H E S E F U E L S .
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- A 3 S T R A C T -
THE P R I N C I P L E S AND DESIGN OF I N S T R U M E N T S W H I C H H E A S O R E THE
EXPLOSIBILITY O F F U E L - A I R M I X T U R E S B Y CATALYTIC O X I D A T I O N W E R E
D E S C R I B E D . E Q U A T I O N S D E S C R I B I N G T H E OUTPUT F R O M T H E S E DEVICES
W E R E D E R I V E D , A N D A M E T H O D O F P R E D I C T I N G THEIR P E R F O R M A N C E I N M A N Y
E X P L O S I V E A T M O S P H E R E S W A S G I V E N . G O O D A G R E E M E N T ( T Y P I C A L L Y W I T H I N
1 5 P E R C E N T ) W A S F O U N D B E T W E E N E X P E R I M E N T A L A N D C A L C U L A T E D
C O R R E C T I O N F A C T O R S FOR 24 D I F F E R E N T FUELS. H O W E V E R , IN SITUATIONS
W H E R E T H E FUEL R E S P O N S I B L E F O R T H E E X P L O S I V E H A Z A R D W A S U N K N O W N * O R
A V A R I A B L E M I X T U R E , IT WAS D E S I R A B L E T H A T THE DETECTOR R E A D I N G S BE
M O R E I N D E P E N D E N T O F T H E N A T U R E O F T H E FUEL, I .E., C O R R E C T I O N
FACTORS CLOSE TO U N I T Y . THIS C O N D I T I O N W O U L D DE M O R E N E A R L Y MET
W I T H A M E A S U R E M E N T B A S E D O N 'THE E M P I R I C A L C O R R E L A T I O N B E T W E E N T H E
H E A T O F O X I D A T I O N O F T H E F U E L A N D I T S L O W E R E X P L O S I V E L I M I T .
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T H R E E NEW M E T H O D S ARE. ALSO PROPOSED. TWO OF THE PROPOSED METHODS
ARE MODIFICATIONS OF THE P I T Z E R M E T H O D AND THE R E D L I C H - K W O N G
EQUATION OF STATE. THESE M E T H O D S ARE S U I T A B L E FOR DIGITAL COMPUTER
APPLICATIONS. THE T H I R D M E T H O D PROPOSED H E R E IS DEVELOPED FOR H A N D
C A L C U L A T I O N S . T H E N E W M E T H O D S , P R E S E N T E D H E R E A R E SUPERIOR T O T H E
T W E L V E M E T H O D S T E S T E D I N THIS S T U D Y .
- P E R T I N E N T FIGURES-
. T A B . 2 C O M P A R I S O N OF A B S O L U T E P E R C E N T D E V I A T I O N S FOR T W E L V E TESTED
METHODS, P A G E 269/ /TAB.3 S U M M A R Y O F M A X I M U M PERCENT DEVIATIONS A N D
N U M B E R OF POINTS D E V I A T I N G M O R E T H A N + OR - U PERCENT, PAGE
269//TAB.4 A V E R A G E A B S O L U T E P E R C E N T D E V I A T I O N S F R O M E X P E R I M E N T A L
D A T A FOR THE T H R E E PROPOSED METHODS, P A G E 272//TAB.5 M A X I M U M
P E R C E N T D E V I A T I O N F R O M E X P E R I M E N T A L D A T A A N D N U M B E R O F POINTS
OUTSIDE THE * OR - 4 P E R C E N T R A N G E , P A G E 272//TAB.6 A V E R A G E
A B S O L U T E P E R C E N T D E V I A T I O N S F O R T H E D A T A O F S A G E A N D LACEY, P A G E
273// F I G . 2 PSEUDO-CRITICAL T E M P E R A T U R E C O R R E C T I O N FACTOR, P A G E
272
- B I B L I O G R A P H Y -
R O B I N S O N , D . B . , M A C R Y G E O B G O S , C. A. AND G O V I E R , G . H . , T R A N S . AIME, VOL
219, 5U (1960) / /PITZER,K.S . , J. AM. CHEM. SOC. VOL 77, 3U27
(1955)/ /PITZER, K.S. , LIPPMA NN ,D. Z., C U R L , R . F . , ET AL. , J. AM.
C f r E M . SOC. VOL 77, 3U33 (1955)// R E I D , R . C . AND S H E R W O O D , T . K. , THE
P R O P E R T I E S O F G A S E S A N D L I Q U I D S , SECOND E D I T I O N , M C G R A W - H I L L , N E W
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YOHK (1966)/ /REDLICH,0. AND K W O N G , J. N. S. , C H E W . R E V . , VOL 44, 233
(1949)/ /SAGE, B.H. AND L A C E Y , W . N . , M O N O G R A P H ON API RESEARCH
PROJECT 37, API (1955)
-SOOBCE I N F O R M A T I O N -
C O R P O R A T E SOURCE -
C A L G A R Y O N I V . , A L B E R T A
J O U R N A L PROCEEDINGS -
C A N . J. C H E M . ENG. VOL 49, NO. 2, 267-73 ( A P R 1971)
OTHER I N F O R M A T I O N -
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ISOTOPIC A B U N D A N C E OF N E O N , A R G O N , AND N I T R O G E N IN NATURAL
GASES RELATIONSHIP TO HELIUM GENESIS
by
STROUD,L.
M E Y E R , T . O .
E M E R S O N , D . E .
04/00/67
SECURITY CLASS ACCESS L E V E L REPORT CLASS ENTRY EVAL.
U/Unrestricted NTIS Incremental Acceptable
-ABSTRACT-
TEN N A T U R A L GASES C O N T A I N I N G F R O M 0.023 TO 8.4 PERCENT HELIUM HERE
I N V E S T I G A T E D . IN S E V E N H I G H - H E L I U M SAMPLES, THE ISOTOPIC A B U N D A N C E
OF N E ( 2 1 ) WAS G R E A T E R T H A N IN THE A T M O S P H E R E , BEING SUPPLEMENTED
BY 33 TO 85 PERCENT OF E X C E S S OR RADIOGENIC N E ( 2 1 ) . THE RATIO OF
H E ( 4 ) / N E ( 2 1 ) IN THESE GASES HAS E V A L U A T E D AND FOUND TO VARY
B E T W E E N 2.9 X 10(7} AND 5.9 X 1 0 ( 7 ) , A FACTOR OF A P P R O X I M A T E L Y 2.
A R G O N C O N C E N T R A T I O N S W E R E D E T E R M I N E D .BY THE ISOTOPE DILUTION
METHOD. THE ISOTOPIC RATIOS OF " AR (40) /AR ( 36) IN THE HIGH-HELIUM
GASES W E R E FROM 5 TO 75 T I M E S THE A T M O S P H E R I C V A L U E , WITH THE
A R ( 4 0 ) BEING ABOUT 80 TO 99 P E R C E N T R A D I O G E N I C IN N A T U R E . THE
RATIOS OF H E ( 4 ) / A R ( 4 0 ) IN ALL 10 GASES W E R E E V A L U A T E D AND FOUND TO
R A N G E F R O M 4 TO 18. THE ISOTOPIC RATIO OF N { 1 4 ) / N ( 1 5 ) IN FOUR OF
T H E H I G H - H E L I U M G A S E S H A S E S S E N T I A L L Y T H E S A M E A S I N T H E
A T M O S P H E R E , IN T H R E E CASES IT WAS A P P R O X I M A T E L Y 5 PERCENT HIGHER
T H A N THE A T M O S P H E R I C V A L U E OF 272.0. THE GENESIS OF N I T R O G E N AND
THE RELATIONSHIP OF N I T R O G E N TO H E L I U M IN N A T U R A L GASES W E R E
R E V I E W E D AND ARE DISCUSSED IN T E R K S OF A T H E O R Y FOR THE C O N C U R R E N T
G E N E R A T I O N O F N I T R O G E N , H E L I U M , R A D I O G E N I C N E O N 2 1 , A N D P E T R O L E U M
( H Y D R O C A R B O N GASES A N D L I Q U I D S ) .
-PERTINENT FIGURES-
TAB. 2 PRODUCTION D A T A FOE 10 N A T U R A L GASES, PAGE 6//TAB.3 N E O N
CONTENT IN NATURAL GASES AND HELIUM, PAGE 7//TAB.6 ISOTOPIC
A B U N D A N C E O F N E O N F R O M S E V E N H E L I U M - B E A R I N G N A T U R A L GASES, PAGE
11//TAB.8 ISOTOPIC A B U N D A N C E OF A R G O N F R O M 10 N A T U R A L GASES, PAGE
16//TAB.9 ISOTOPIC RATIO OF N ( 1 4 ) / N ( 1 5 ) IN S E V E N H E L I U M - B E A R I N G
N A T U R A L GASES, P A G E 17//TAB.10 R A T I O S O F N ( 2 ) / H E A N D N ( 2 ) / A R ( A T M )
IN 10 N A T U R A L G A S E S , PAGE 19
-BIBLIOGRAPHY-
B R A N D T , L . H . A N D STROUD,L. , r P H A S E E Q U I L I B R I A I N N A T U R A L G A S
S Y S T E M S , . A P P A R A T U S -WITH - W I N D O H E D CELL FOR . 800 PSIG AND
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T E M P E R A T U R E S TO -320 DEGREES F., IND. AND ENG. CHEM. , VOL 50, NO.
5, PP 849-52 ( H A Y 1958) / / K I R K L A N D , C. G., B R A N D T , L . W . AND
D E A T O N , W . N . , D E T E R M I N I N G T R A C E IMPURITIES I N G R A D E - A H E L I U M .
B U M I N E S REPT. OF INV. 5644, 12PP ( 1960)//PIERCE, A .P ., STUDIES OF
H E L I U M A N D ASSOCIATED N A T U R A L G A S E S , GEOLOGICAL S U R V E Y R E S E A R C H
1960, U S GEOL. S U R V E Y PROF. PAPER 400-B, PP B77-9
( 1 9 6 0 ) / / P U R E R , A . , S E I T Z , C . A . , A C H R O M A T O G R A P H 1C M E T H O D FOR
D E T E R M I N A T I O N O F T R A C E I M P U R I T I E S I N G R A D E - A H E L I U M , A N A L . C H E M . ,
VOL 36, NO. 8, PP 1694-5 ( JUL 1 9 6 4 ) / / Z A 8 T M A N , R. E. , WASS E R B U R G , G. J.
AND R E Y N O L D S , J . H . , H E L I U M , A R G O N , AND C A R B O N IN SOME N A T U R A L
GASES, J . G E O P H Y S . H E S . , VOL 66, PP 277-306 (1961 )
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GRAPHICAL VISCOSITY C O R R E L A T I O N FOR HYDROCARBONS
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THIS P A P E R GIVES A G R A P H I C A L METHOD OF
N A T U R A L G A S M I X T D R E S I N T H E R A N G E
T E M P E R A T U R E AND TO 14 IN R E D U C E D
P R E S E N T E D HERE CAN BE A P P L I E D TO
E S T I M A T I N G THE VISCOSITY OF
0.6 TO 3.0 IN R E D U C E D
PRESSURE. THE CORRELATION
THE FOLLOWING SYSTEMS FOR
T E M P E R A T U R E S F R O M 40 DEGREES TO 460 DEGREES F AND PRESSURES F R O M
14.7 TO 10,000 LB./SQ. IN. A B S . 1. PURE PARAFFINS FROM M E T H A N E TO
N - D E C A N E , I -BUTANE, N E O - P E N T A N E , N I T R O G E N , AND ETHYLENE. 2 .
M I X T U R E S OF H Y D R O C A R B O N S F R O M M E T H A N E TO N - B U T A N E . 3 . N A T U R A L
GASES C O N T A I N I N G UP TO 10 M O L E . . P E R C E N T OF N I T R O G E N . 4 . N A T U R A L
GASES C O N T A I N I N G UP TO 10 HOLE P E R C E N T ' OF CARB,ON DIOXIDE. 5.
CRITICAL-REGION VISCOSITIES FOR P U R E HYDROCARBONS FROM METHANE TO
N - P E N T A N E . N O A C C U R A C Y E S T I M A T E S A R E G I V E N .
- P E R T I N E N T F I G U R E S -
FIG. 1 VISCOSITY OF H Y D R O C A R B O N S Y S T E M S AS A F U N C T I O N OF R E D U C E D
T E M P E R A T U R E , PAGE 242//FIG.2 VISCOSITY OF H Y D R O C A R B O N SYSTEMS AS A
FUNCTION OF R E D U C E D P R E S S U R E , P A G E 242//FIG.3 CORRECTION C H A R T FOR
M I X T U R E S C O N T A I N I N G C A R B O N DIOXIDE, P A G E 243//TAB.1 COMPOSITIONS
OF N A T U R A L GAS S A M P L E S , P A G E 243
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D E T E R M I N A T I O N OF THE PHYSICAL -CHARACTERISTICS OF LIQUEFIED
N A T U R A L GAS ( D E T E R M I N A T I O N DE QUELQUES CARACTERISTIQUES '





SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Summary Good/Excel.
-ABSTRACT-
FOB CALCULATING OF CERTAIN PLANTS OF THE TERHINUS OF LIQUEFIED
N A T U R E L GAS AT LE H A V R E ( E X C H A N G E R S , HIGH AND LOtf PRESSURE PIPING,
BLOWERS, ETC.) , SEVERAL PHYSICAL CARACTERISTICS OF N A T U R A L GAS ARE
NEEDED, VISCOSITY, HEAT CONDUCTION, SPECIFIC HEAT B E T W E E N -160
DEGREES C AND 0 DEGREES C AT A P R E S S U R E OF 75 BARS (ABOUT 1067
PSI) , HEAT OF V A P O R I Z A T I O N U N D E R THE ATMOSPHERE AND AT ABOUT -162
D E G R E E S C. AN A T T E M P T WAS H A D E TO C A L C U L A T E THESE CHARACTERISTICS
T H R O U G H HETHODS WHICH W E R E F O U N D E D UPON THE T H E O R E M OF
C O R R E S P O N D I N G STATES FOR THE VISCOSITY AND THE HEAT CONDUCTION, OR
U P O N C O R R E C T I O N S OF P R E S S U R E FOR THE SPECIFIC HEAT. THE HEAT OF
V A P O R I Z A T I O N WAS C A L C U L A T E D T H R O U G H THE FORMULA OF C L A P E Y R O N USING
T H E E Q U I L I B R I U M COEFFICIENTS. E X P E R I M E N T A L M E A S U R E M E N T S W E R E T H E N
C A R R I E D OUT FOR T H R E E OF THE C H A R A C T E R I S T I C S , THE VISCOSITY WAS
M E A S U R E D , T H E H E A T C O N D U C T I O N W A S I N F E R R E D F R O M A M E A S U R E O F T H E
TIME C O N S T A N T OF THE D I S C H A R G E OF A K N O W N T H E R M A L C A P A C I T Y T H R O U G H
A T H E R M A L RESISTANCE M A D E OF THE N A T U R A L GAS, THE HEAT OF
V A P O R I Z A T I O N W A S I N F E R R E D FHOK T H E E X P E R I M E N T A L D E T E R M I N A T I O N O F
THE FACTORS OF THE C L A P E Y R O N F O R M U L A .
- P E R T I N E N T F I G U R R S -
FIG.2 VISCOSITY OF N A T U R A L GAS AT 75 BARS, P A G E K409//FIG.3
T H E R M A L C O N D U C T I V I T Y , PAGE 1410//FIG.4 E N T H A L P Y AND SPECIFIC HEAT
OF N A T U R A L GAS AT 75 B A R S , PAGE 1411//FIG.U V A P O R P R E S S U R E OF
M E T H A N E - N I T R O G E N M I X T U R E S , P A G E 1411
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S U B S T A N C E S IN THE D E N S E GASEOUS AND LIQUID PHASES, AICHE J. VOL 8,
NO. 1//BICHER AND KATZ, VISCOSITIES OF THE M E T H A N E - P R O P A N E SYSTEM,
A I C H E J. VOL 35, NO. 7// INSTITUTE OF GAS TECHNOLOGY,
T H E R M O D Y N A M I C PROPERTIES OF M E T H A N E-NITROGEN M I X T U R E , R E S E A R C H
BULLETIN -VOL -21 (FEE 1 9 5 5 ) / / W A T E R M A N , T . E . , KIHSH,D.P . AND
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DEGREES C TO -196 D E G R E E S C, J. CHEtt. PHYS. VOL 29, 905-8 (1958)
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J O U R N A L PROCEEDINGS -
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-ABSTRACT-
N I T R O G E N IS OFTEN F O U N D IN A P P R E C I A B L E C O N C E N T R A T I O N S IN P E T R O L E U M
FLUIDS EITHER AS A N A T U R A L O C C U R R E N C E OR AS A RESULT OF THE
APPLICATION OF S E C O N D A R Y R E C O V E R Y T E C H N I Q U E S . THIS PAPER DESCRIBES
AN E X P E R I M E N T A L I N V E S T I G A T I O N ON THE EFFECT OF N I T R O G E N ON THE
V A P O R - L I Q U I D E Q U I L I B R I U M R A T I O S OF H Y D R O C A R B O N S IN THE N A T U R A L
G A S - C O N D E N S A T E S Y S T E M . E X P E R I M E N T A L W O R K W A S C A R R I E D O U T U N D E R
C O N S T A N T T E M P E R A T U R E C O N D I T I O N S AT 100 DEGREES .F AND 22.0 DEGREES
F. AT EACH T E M P E R A T U R E , " E X P E R I M E N T S - W E R E CONDUCTED AT P R E S S U R E S OF
500, 1000, 1500, .2000, AND 3000 P S I A . . N I T R O G E N CONCENTRATION IN
THE V A P O R P H A S E ' W A S V A R I E D F R O M 10 P E R C E N T TO 50 P E R C E N T AT E A C H
P E R C E N T A G E . THE EQUILIBRIUM C O N S T A N T S FOR H Y D R O C A R B O N S AND FOR
N I T R O G E N ARE S H O W N . A N A L Y S I S OF THE N A T U R A L GAS S A M P L E S AND THE
C O N D E N S A T E S IS P R O V I D E D .
- P E R T I N E N T F I G U R E S -
T A B . 1 E X P E R I M E N T A L D A T A FOR THE COMPLEX SYSTEM AT 100 D E G R E E S F,
P A G E 479// T A B . 2 E X P E R I M E N T A L D A T A FOR THE COMPLEX SYSTEM AT 220
D E G R E E S F , P A G E 479// TB.3 E X P E R I M E N T A L E Q U I L I B R I U M RATIOS FOR THE
C O M P L E X S Y S T E M , P A G E U8C// FIG. 3 E X P E R I M E N T A L K - V A L U E S C O M P A R E D TO
N G A A C H A R T S , P A G E 480//FIG.8 K - V A L D E S AT 220 DEGREES F , 975 PSIA,
P A G E 482//FIG.9 K-VALUES AT 220 DEGSEES F, 1520 PSIA, PAGE 482
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-ABSTRACT-
THIS BULLETIN P R E S E N T S A L I T E R A T U R E S U R V E Y , THE L A B O R A T O R Y
E Q U I P M E N T D E S I G N , E X P E R I M E N T A L T E C H N I Q U E S , T H E E X P E R I M E N T A L DATA,
AND C O R R E L A T I O N S , FOB THE D E T E R M I N A T I O N OF THE ABSOLUTE VISCOSITY
OF M E T H A N E AND T H R E E N A T U R A L GAS MIXTURES AT PRESSURES UP TO
10,000 POUNDS PER S Q U A R E I N C H AND T E M P E R A T U R E S FROM 70 TO 250
DEGREES F. VISCOSITY-PRESSURE ISOTHERMS HERE P R E P A R E D FOR M E T H A N E
AND THREE N A T U R A L GAS M I X T U R E S . THE D I A G R A M S SHOW THE EFFECT OF
T E M P E R A T U R E , P R E S S U R E AND COMPOSITION ON THE VISCOSITY OF THESE
GASES. AN A L T E R N A T E M E T H O D F OR ESTIMATING HIGH-PRESSURE
VISCOSITIES OF GASES AND GAS M I X T U R E S HAS DEVELOPED, AND COMPARED
WITH E X P E R I M E N T A L V A L U E S AND H)UND TO BE R E M A R K A B L Y A C C U R A T E .
- P E R T I N E N T FIGURES-
FIG. A C H A R T OF VISCOSITY V E R S U S T E M P E R A T U R E AT A T M O S P H E R I C
P R E S S U R E F O R N A T U R A L G A S C O M P O N E N T S A N D S O M E N A T U R A L G A S M I X T U R E S ,
PAGE 2//TAB A C H E M I C A L COMPOSITIONS AND VISCOSITIES OF T W E N T Y - F I V E
N A T U R A L GASES A T 1 A T M A N D 6 0 D E G R E E S F ( 6 ) , P A G E 3//FIG.B
VISCOSITY OF M E T H A N E AT 75 D E G R E E S F AND PRESSURES TO 10,000 PSI,
P A G E 4//FIG.G VISCOSITY OF A H I G H - E T H A N E N A T U R A L GAS AT 79 D E G R E E S
AND 150 D E G R E E S F, P A G E 6/ /FIG.H VISCOSITY OF A HIGH-NITROGEN
N A T U R A L GAS AT 81 DEGREES AND 150 DEGREES F, PAGE 7//FIG.J
VISCOSITY OF A L O W - E T H A N E N A T U R A L GAS AT 85 D E G R E E S AND 200
DEGREES F, P A G E . 7
-BIBLIOGRAPHY-
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M I X T U R E S AT HIGH PRESSURES - A L I T E R A T U R E S U R V E Y , U N P U B L I S H E D
R E P O R T NO. 1, IGT PROJECT NO. B-1«7 ( 1 9 5 1 ) / / C H A P M A N , S. AND
C O W L I N G , T . G . , THE M A T H E M A T I C A L T H E O R Y OF N O N - U N I F O R M GASES,
C A M B R I D G E . C A M B R I D G E U N I V . , PRESS (1939)// G O N I K B E R 5 , M . F . ,
VISCOSITY OF GASES AT HIGH P R E S S U R E S , J . TECH. PHYS. ( U S S R ) , VOL
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-ABSTRACT-
THIS PAPER P R E S E N T S E X P E R I M E N T A L DATA FOR THE VISCOSITY OF A
N U M B E R OF R U S S I A N N A T U R A L G A S E S AS A FUCTION OF PRESSURE A L O N G
S E V E R A L ISOTHERMS. PRESSURES R A N G E D TO 700 KG/CM (2) AND
T E M P E R A T U R E S FROM 100 TO -161 DEGREES C, A DENSITY-VISCOSITY
C O R R E L A T I O N IS PRESENTED W I T H M O L E C U L A R HEIGHT AS THE CORRELATOR.
THE PAPER DOES NOT GIVE A N A L Y S E S OF THE GASES M E R E L Y THE ORIGIN.
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-ABSTRACT-
THE VISCOSITIES OF N A T U R A L G A S E S H A V E B E E N C O R R E L A T E D AS A
F U N C T I O N O F C O M P O S I T I O N , T E M P E R A T U R E , A N D PRESSURE. S I X E Q U A T I O N S
A R E P R E S E N T E D W H I C H E X P R E S S T H E VISCOSITY O F N A T U R A L G A S E S I N
T E R M S O F A V E R A G E M O L E C U L A R W E I G H T , R E D U C E D T E M P E R A T U R E , R E D U C E D
P R E S S U R E , R E D U C E D V O L U M E , REDUCED DENSITY, COMPOSITION, A N D
VISCOSITIES OF THE PURE C O M P O N E N T S . IT HAS F O U N D THAT THE
VISCOSITIES OF N A T U R A L GASES CAN BE E X P R E S S E D OVER A WIDE R A N G E OF
T E M P E R A T U R E AND P R E S S U R E IN T E R M S OF - .THE VISCOSITIES OF THEIR
C O M P O N E N T S . COEFFICIENTS . F O R E A K I N S E Q U A T I O N H A V E B E E N
. R E D E T E R M I N E D F O R M E T H A N E ; E T H A N E , P R O P A N E , A N D " N - B U T A N E A N D
S I M I L A R COEFFICIENTS FOR N I T R O G E N , CARBON DIOXIDE, ISO-BUTANE,
N - P E N T A N E , AND N - H E P T A N E ARE P R E S E N T E D FOR THE FIRST TIME. A TOTAL
OF 345 VISCOSITY M E A S U R E M E N T S W E R E M A D E FOR TEN L E A N N A T U R A L GASES
OVER A R A N G E OF P R E S S U R E S F R O M 1000 TO 10,000 PSIG AND
TEMPERATURES FROM 77 DEGREES F TO UOO DEGREES F. 1U5 DATA POINTS
ARE ALSO P R E S E N T E D FOR S E V E N T E E N RICH C O N D E N S A T E GAS S A M P L E S W H I C H
H A V E N O T B E E N P U B L I S H E D E L S E W H E R E , A L O N G W I T H 1 2 1 M E A S U R E M E N T S
T A K E N F R O M THE L I T E R A T U R E . A V E R A G E D E V I A T I O N S OF F R O M 8 .8 TO 13.8
P E R C E N T WERE O B T A I N E D FOR THE SIX DIFFERENT E Q U A T I O N S DEVELOPED
FROM THE 611 DATA POINTS. THESE C O R R E L A T I O N S ARE S U B S T A N T I A L L Y
MOBE A C C U R A T E T H A N P R E V I O U S L Y A V A I L A B L E P R O C E D U R E S , A N D COVER A
M U C H WIDER R A N G E OF COMPOSITION.
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TAB. 1 COMPABISOH OP PROCEDURES FOR CALCULATING DENSITIES, PAGE
A-8//TAB.2 NEB COEFFICIENTS FOR EAKINS EQUATION, P A G E A-9//TAB.3
COBPARISON OF CORRELATIONS FOR N A T U R A L GAS VISCOSITIES, PAGE
A-10//TAB.5 VISCOSITY DATA OF SAMPLES BY AUTHOR, PAGE A-12//TAB.7
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-BIBLIOGRAPHY-
SAGE, B.H. AND L A C E Y , H . N . , EFFECT OF PRESSURE UPON VISCOSITY OF
M E T H A N E AND TWO N A T U R A L GASES, T R A N S . AIME VOL 127, 118
551
(1938)//SAGE,B.H. , Y A L E , H . D . AND L A C E Y , W . N . , EFFECT OF PRESSURE
ON VISCOSITY OF N - B U T A N E AND I-BUTANE, IND. ENG. CHEM. VOL 31, 223
(1939)/ /COMINGS,E.H. AND E G L Y , R . S . , VISCOSITY OF GASES AND VAPORS
AT HIGH PRESSURES, IND. ENG. CBEH. VOL 32, 71U (19«JO)//
BICHER,L.B. AND KATZ,D.L . , VISCOSITIES OF THE METHANE-PROPANE
SYSTEH, IND. ENG. CHEM. VOL 35, 754 (19U3)//BICHER ,L.B. AND
K A T Z , D . L . , VISCOSITY OF N A T U R A L GASES, TRASS. A I H E VOL 155, 246
( 1 9 U 4 ) / / C A R R , N . L . , VISCOSITIES OF N A T U R A L GAS COMPONENTS AND
MIXTURES, INSTITUTE OF GAS TECHNOLOGY RESEARCH BULLETIN NO. 23
( J U N 1953)
-SOURCE INFORMATION-
CORPORATE SOURCE -
T E X A S A AND M U N I V . , COLLEGE STATION
OTHER I N F O R H A T I O N -
0068 PAGES, O O O U F I G U R E S , 0015 TABLES, 0034 REFERENCES
552
key 20592
PREDICTING P H A S E A N D T H E R M O D Y N A M I C PROPERTIES O F N A T U R A L




SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Summary Acceptable
-ABSTRACT-
T H E B E N E D I C T - W E B B - R U B I N E Q U A T I O N O F STATE M A S U S E D I N D I G I T A L
C O M P U T E R P R O G R A M S T O M A K E R A P I D D E T E R M I N A T I O N S O F N A T U R A L G A S
E Q U I L I B R I U M P H A S E C O M P O S I T I O N S . M I X T U R E C O M P O N E N T S W E R E T H E N I N E
H Y D R O C A R B O N S , M E T H A N E T H R O U G H H E P T A N E . C O M P A R A T I V E TESTS W E R E M A D E
WITH D A T A F R O M FIELD S E P A R A T O R S , P L A N T E X C H A N G E R S A N D L I T E R A T U R E
S O U R C E S . FOR MOST TESTS M A D E , THE B-W-R E Q U A T I O N S PREDICTED
C O M P O N E N T K - V A L U E S , M I X T U R E E N T H A L P I E S A N D P H A S E DENSITIES W I T H I N
T H E A C C U R A C Y O F A V A I L A B L E C O R R E L A T I O N S F O R N I N E - C O M P O N E N T
M I X T U R E S . S I G N I F I C A N T D E V I A T I O N S W E R E N O T E D W H E N M I X T U R E S
C O N T A I N E D COMPONENTS H E A V I E R T H A N H E P T A N E . .
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A COMPUTER ALGORITHM HAS
THERMODYNAMIC PROPERTIES OF
-ABSTRACT-
BEEN DEVELOPED FOR PREDICTING THE
HYDROCARBON MIXTURES AND ASSOCIATED
GASES WHICH IS ACCDRATE OVER A WIDE RANGE OF TEMPERATURE AND
PRESSURE CONDITIONS. THIS SUMMARY OF A LONGER PAPER GIVES THE
EQUATIONS, AND VALUES OF CONSTANTS FOR USE IN THE EQUATIONS, FOB
METHANE, NITROGEN, A GENERAL HYDROCARBON FLUID, AND MIXTURES OF
THESE COMPONENTS.
TAB.1 VALUES OF
PAGE 83// TAB. 2
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THE 17 CONSTANTS IN EQUATION
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. r A B S T R A C T -
THE PRESENT PAPER DESCRIBES A M E T H O D FOR PREDICTING THE DENSITIES
OF LIQUEFIED LIGHT N A T U R A L GASES AND OF M I X T U R E S OF LOWER
M O L E C U L A R WEIGHT H Y D R O C A R B O N S NITROGEN AND CARBON DIOXIDE. THE
RESULTS PRESENTED ARE MAINLY DENSITIES OF LNG AT LOW PRESSURES,
BUT THE METHOD IS APPLICABLE AT H I G H PRESSURES. FOR LIQUID
MIXTURES AT S A T U R A T I O N , THE M E T H O D YIELDS ALSO DENSITIES AND
V A P O U R COMPOSITIONS FROM THE SPECIFICATION OF EITHER T E M P E R A T U R E
AND LIQUID COMPOSITION OR OF THE PRESSURE AND LIQUID COMPOSITION.
THE O V E R A L L A G R E E M E N T WITH K N O W N E X P E R I M E N T A L DENSITIES 'FOR LNG IS
W I T H I N 0.-2 PERCENT.
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AN E X P E R I M E N T A L L Y D E R I V E D T A B U L A R C O R R E L A T I O N FOR LNG DENSITY AS A
F U N C T I O N OF T E M P E R A T U R E , P R E S S U R E , AND GAS G R A V I T Y HAS BEEN
DESIGNED FOB USE IN THE FIELD. THE A D V A N T A G E S OF THIS CORRELATION
ARE THAT A GAS G R A V I T Y A N A L Y S I S IS M O R E EASILY OBTAINED T H A N A
COMPOSITION ANALYSIS AND T H A T DENSITY
I N T E R P O L A T I O N O F T H E G A S G R A V I T Y TABLES.
ON EXPERIMENTAL M E A S U R E M E N T S OF THE
E T H A N E A N D P R O P A N E , M E T H A N E - E T H A N E
M I X T U R E S * METHA'NE-NITROGEN M I X T U R E S
M I X T U R E S . THE C O R R E L A T I O N IS P R E S E N T E D
VS. T E M P E R A T U R E TABLES AT 20, 25, 30,
A U T H O R S CLAIM A C C U R A C Y TO ONE P E R C E N T .
IS D E T E R M I N E D BY DIRECT
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A N D ' SOME FIVE C O M P O N E N T
AS A SERIES OF GAS G R A V I T Y
35, 40 AND 45. IN. HG. THE
- P E R T I N E N T F I G U R E S -
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AS A FUNCTION OF GAS G R A V I T Y AND T E M P E R A T U R E AT A P R E S S U R E OF 30
IN. HG, P A G E 689//TAB.14 LNG D E N S I T Y , LB/CU FT, AS A F U N C T I O N OF
GAS G R A V I T Y AND T E M P E R A T U R E AT A P R E S S U R E OF 35 IN. HG, P A G E
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-ABSTRACT-
TBE SPECIFIC HEAT AT C O N S T A N T P R E S S U R E OF M E T H A N E AND A N A T U R A L
GAS W E R E O B T A I N E D IN A FLOW C A L O R I M E T E R AT 1,100 AND 1- f 500 LB./SQ.
IN. , IN THE T E M P E R A T U R E R A N G E -20 D E G R E E S TO S80 DEGREES F. THESE
W E R E C O M P A R E D W I T H V A L U E S C O M P U T E D BY SEVERAL OF THE C O M M O N L Y USED
METHODS, INCLUDING THE H O U G E N - W A T S O N G E N E R A L I Z E D REDUCED
T E M P E R A T U R E AND PRESSURE C O R R E L A T I O N S , EDMISTERS G R A P H I C A L
T R E A T M E N T OF PVT D A T A , THE BENEDICT, . W E B B , R U B I N EQUATION OF
ST-ATE, AND THE CORRELATIONS OF HEAT CONTENTS FOR LIGHT
H Y D R O C A R B O N S PUBLISHED IN THE N A T U R A L GASOLINE SUPPLY HENS
ASSOCIATION DATA BOOK. IT WAS CONCLUDED FROM THESE C O M P A R I S O N S
THAT THE SPECIFIC HEATS OF M E T H A N E CAN BE PREDICTED AT THE
CONDITIONS I N V E S T I G A T E D BY THE BENEDICT, WEBB, R U B I N EQUATION OF
STATE, FROM COMPRESSIBILITY D A T A A S S H O W N B Y H O U G E N A N D W A T S O N ,
AND BY EDMISTERS G R A P H I C A L T R E A T M E N T OF PVT D A T A . EDMISTERS
M E T H O D GIVES R E S U L T S I N C L O S E R A G R E E M E N T WITH T H E E X P E R I M E N T A L
D A T A FOB THE N A T U R A L GAS T H 4 N THE BENEDICT OR HOUGEN AND W A T S O N
METHODS. THE E X T R A P O L A T E D D A T A PUBLISHED IN THE N G S M A DATA BOOK
A P P E A R TO BE THE LEAST RELIABLE.
-PERT I BENT FIGURES-
FIG. 3 SPECIFIC H E A T OF M E T H A N E AT 1,100 LB./SQ.IN. G A U G E , P A G E
92//FIG.4 SPECIFIC H E A T OF M E T H A N E AT 1,500 LB. /SQ.IN. G A U G E , P A G E
92//FIG.5 SPECIFIC H E A T OF N A T U R A L GAS AT 1,100 LB./SQ.IN. G A U G E ,
P A G E 93//FIG.6 SPECIFIC H E A T OF N A T U R A L GAS AT 1,500 LB./SQ. IN.
G A U G E , PAGE 93//FIG.7 SPECIFIC HEAT OF M E T H A N E C A L C U L A T E D FROM
BENEDICT, WEBB, R U B I N E Q U A T I O N OF S T A T E , PAGE 93//FIG.8 SPECIFIC
H E A T OF N A T U R A L G A S , M O L E C U L A R W E I G H T 17.68, C A L C U L A T E D F R O M
BENEDICT, WEBB, R U B I N E Q U A T I O N OF STATE
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BOOK, PP 121-132 (1957) / /BENEDICT,M. , HEBB,G.B. AND ROBIN, L. C. ,
C H E M . ENG. PROGR. VOL 47, NO. 8, P 419 (1951)
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C O R P O R A T E SOURCE -
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VAPOR^LIQUID EQUILIBRIA OP H Y D R O C A R B O N - N I T R O G E N
SYSTEMS — M E T H A N E - N - H E X A N E - N I T R O G E N SYSTEH
by
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00/00/65
SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL.
U/Unrestricted Unlimited Incremental Acceptable
-ABSTBACT-
TH.ERE EXIST G A S A N D G A S C O N D E N S A T E R E S E R V O I R S WHICH C O N T A I N
SUBSTANTIAL CONCENTRATIONS OF N I T R O G E N AND OTHER I N O R G A N I C GASES.
M A X I M U M P R I M A R Y R E C O V E R Y O F T H E H Y D R O C A R B O N GASES FROM T H E
R E S E R V O I R REQUIRES A K N O W L E D G E OF THE PHASE B E H A V I O R AS THE
RESERVOIR IS DEPLETED. IN A D D I T I O N S E C O N D A R Y R E C O V E R Y AND PRESSURE
M A I N T E N A N C E TECHNIQUES U S I N G A I R A N D FLUE GASES HAVE B E E N
SUGGESTED. AN I N V E S T I G A T I O N OF THE VAPOR-LIQUID P H A S E EQUILIBRIUM
OF THREE DIFFERENT H Y D R O C A R B O N . S Y S T E M S IS P R E S E N T E D . THE THREE
SYSTEMS A R E ( 1 ) T H E B I N A R Y S Y S T E M , N - H E X A N E - M E T H A N E , (2)- T H E
B I N A R Y SYSTEM, N-HEX A N E - N I T R O G E N , , A N D ( 3 ) T H E T E R N A R Y SYSTEM,
M E T H A N E - N - H E X A N E - N I T R O G E N . THIS W O R K DESCRIBES THE EFFECT OF
V A R Y I N G Q U A N T I T I E S O F N I T R O G E N O N T H E VAPOR-LIQUID P H A S E
EQUILIBRIA OF THE M E T H A N E - N - H E X A N E B I N A R Y SYSTEM. A N A L Y S E S OF
EQUILIBRIUM P H A S E S A T D I F F E R E N T CONDITIONS O F T E M P E R A T U R E A N D
P R E S S U R E A R E P R E S E N T E D T O D E S C R I B E COMPLETELY T H E P H A S E E Q U I L I B R I A
OF E A C H SYSTEM. T E M P E R A T U R E I N T E R V A L S W E R E 60 DEGREES F , S T A R T I N G
AT 100 DEGREES F AND I N C R E A S I N G TO 3UO DEGREES F. AT E A C H
T E M P E R A T U R E , SAMPLES WERE T A K E N A T 5 0 0 PSIA, A N D T H E P R E S S U R E
I N C R E A S E D I N 5 0 0 FSIA I N T E R V A L S W I T H S A M P L E S T A K E N A T E A C H
I N T E R V A L , UP TO 5000 PSIA OR THE C R I T I C A L P R E S S U R E , W H I C H E V E R WAS
L O W E R . THIS I N V E S T I G A T I O N WAS RESTRICTED TO THE TWO-PHASE
V A P O R - L I Q U I D E Q U I L I B R I U M R E G I O N S OF THE SYSTEMS INVESTIGATED. THE
E Q U I L I B R I U M RATIOS FOR THIS S Y S T E M TOGETHER W I T H OTHER PUBLISHED
R A T I O S ON H Y D R O C A R B O N - N I T R O G E N SYSTEMS W E R E C O R R E L A T E D ON A
B A D D E N , G R A Y S O N , A N D W I N K N O M O G R A P H . G E N E R A L A G R E E M E N T W A S NOTED
FOR THE LIGHT C O M P O N E N T S , BUT C O N S I D E R A B L E DEVIATION FROM
E X P E R I M E N T A L D A T A W A S E V I D E N C E D F O R H E A V I E R C O M P O N E N T S A S N I T R O G E N
C O N C E N T R A T I O N I N C R E A S E D .
- S O U R C E I N F O R M A T I O N -
C O R P O R A T E S O U R C E -
TEXAS U N I V . , A U S T I N
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COMPRESSIBILITY FACTOR OF FUEL GASES AT 60 DEGREES F. AND 1
A T M .
by
E A K I N , B. E.
M A S O N , D. MCA.
10/00/61
SECURITY CLASS ACCESS LEVEL REPORT CLASS E N T R Y EVAL.
U/Unrestricted Unlimited Incremental Good/Excel.
-ABSTRACT-
COMPONENTS THAT N O R M A L L Y O C C U R IN ONE OR M O R E UTILITY FUEL GAS IN
C O N C E N T R A T I O N S OF 5 P E R C E N T OR M O R E I N C L U D E M E T H A N E , E T H A N E ,
P R O P A N E , E T H Y L E N E , P R O P E N E , N I T R O G E N , AIR, C A R B O N D I O X I D E , C A R B O N
M O N O X I D E , A N D H Y D R O G E N . M I N O R A M O U N T S O F C { 4 ) A N D C ( 5 )
H Y D R O C A R B O N S ALSO OCCUR, TOGETHER WITH TRACES OF H E A V I E R
H Y D R O C A R B O N S . A R E V I E W OF THE LITERATURE INDICATED THAT
SUFFICIENTLY R E L I A B L E V A L U E S OF ATMOSPHERIC PRESSURE
COMPRESSIBILITY FACTORS W E R E NOT A V A I L A B L E FOR SOME COMPONENTS,
PARTICULARLY THE H I G H E R BOILING HYDROCARBONS. F U R T H E R M O R E , O N L Y
VERY LIMITED DATA H E R E A V A I L A B L E ON MIXTURES OF T H E S E COMPONENTS
AT LOW PRESSURES. THEREFORE, COMPRESSIBILITY FACTOR M E A S U R E M E N T S
H E R E M A D E ON A N U M B E R OF P U R E COMPONENTS, AND ON A SERIES OF
SELECTED MIXTURES. THE INTERACTION COEFFICIENTS A M O N G THE
COMPONENTS THAT N O R M A L L Y OCCUfi TOGETHER IN M A J O R CONCENTRATIONS
HERE DETERMINED. A NUMBER OF SELECTED M A J O R - M I N O R INTERACTION
COEFFICIENTS HERE ALSO D E T E R M I N E D TO PROVIDE A BASIS FOR
PREDICTION OF OTHER COEFFICIENTS.
-PERTINENT FIGURES-
TAB. 1 E X P E R I M E N T A L DATA ON GAS LAH D E V I A T I O N S OF HYDROCARBONS AT
60 DEGREES F, PAGE 501//T&B.2 C O M P A R I S O N OF E X P E R I M E N T A L AND
LITERATURE VALUES OF GAS LAH DEVIATIONS, PAGE 501//TAB.3
COMPRESSIBILITY FACTORS AND INTERACTION COEFFICIENTS OF B I N A R Y
MIXTURES OF FUEL GAS COMPONENTS, P A G E 502//TAB.4 GAS LAH
DEVIATIONS OF FUEL GAS COMPONENTS AT 60 DEGREES F AND 1 ATM, PAGE
503//TAB.5 GAS LAH DEVIATIONS OF FOUR-COMPONENT M I X T U R E S AT 60
DEGREES F AND 1 A T M , PAGE 504
-BIBLIOGBAPHY-
Afl . PETROL, INST., SELECTED V A L U E S OF PROPERTIES OF HYDROCARBONS
AND RELATED COMPOUNDS, API R E S E A R C H PROJECT 44, C A R N E G I E INST.
TECH., PITTSBURGH, PA. (LOOSE-LEAF DATA SHEETS, EXTANT
1960) / /MASON,D.MCA. , EAKIN,B .E . , DISTRIBUTION-PRODUCTION CONF. AH.
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PITZER,K.S. , A R N E T T , R . L . , B R A U N , R . M . A N D PIMENTEL,G.C. , SELECTED
VALUES OF PHYSICAL AND T H E R M O D Y N A MIC PROPERTIES OF HYDROCARBONS
AND RELATED COMPOUNDS, AM. PETROL. INST. RESEARCH PROJECT UU,
CARNEGIE PRESS, PITTSBURGH, PA. , 1953
-SOURCE INFORMATIOB-
CORPORATE SOURCE -
INSTITUTE OF GAS TECHNOLOGY, CHICAGO, ILL.
J O U R N A L PROCEEDINGS -
J. CHEM. ENG. DATA VOL 6, NO. U, 499-5014 (OCT 1961) (PRES. AT
ACS MEETING, 138TH, NEW Y O R K , SEP 1960)
OTHER INFORMATION -
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COMPRESSIBILITY FACTORS F O R L E A N N A T U R A L G A S - C A R B O N D I O X I D E
M I X T U R E S AT HIGH P R E S S U R E
b y
B U X T O N , T . S .
C A M P B E L L , J . M .
03/00/67
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- A B S T R A C T -
THIS STUDY I N D I C A T E S T H A T , I F T H E C O R R E S P O N D I N G S T A T E S
P S E U D O C R I T I C A L T E M P E R A T U R E A N D P R E S S U R E U S E D T O D E T E R M I N E T H E
R E D U C E D CONDITIONS A R E A D E Q U A T E L Y P R E D I C T E D , C H A R A C T E R I Z A T I O N O F
N A T U R A L G A S - C A R B O N D I O X I D E M I X T U R E S W I T H T H E A C E N T R I C FACTOR WILL
A L L O W RELIABLE D E T E R M I N A T I O N OF THE COMPRESSIBILITY FACTOR.
C O M P A R I S O N S O F PREDICTED A N D E X P E R I M E N T A L C O M P R E S S I B I L I T Y F A C T O R S
H A V E S H O W N THAT THE P S E U D O C R I T I C A L CONSTANT RULES OF S T E W A R T ,
B U R K H A R D T A N D V O O A R E S A T I S F A C T O R Y F O R H Y D R O C A R B O N M I X T U R E S .
H O W E V E R , T H E S E R U L E S FAIL TO P R E D I C T " THE PSEDUOCRITlCAL C O N S T A N T S
F O R H Y D R O C A R B O N - C A R B O N " DIOXIDE M I X T U R E S . B A S E D O N G R A P H I C A L L Y
D E T E R M I N E D PSEUDOCRITICAL TEMPERATURES FOR B I N A R Y
H Y D R O C A R B O N - C A R B O N D I O X I D E M I X T U R E S , A C O R R E L A T I O N W H I C H GIVES THE
R E Q U I R E D CORRECTION TO THE S T E W A R T , B U R K H A R D T AND VOO RULES WAS
P R E P A R E D AND A COMPRESSIBILITY FACTOR PREDICTION T E C H N I Q U E WAS
PROPOSED. TO TEST THE PROPOSED T E C H N I Q U E , COMPRESSIBILITY FACTORS
F O R FIVE M I X T U R E S O F M E T H A N E , C A R B O N DIOXIDE A N D EITHER E T H A N E O R
P R O P A N E W E R E E X P E R I M E N T A L L Y D E T E R M I N E D A T 100, 1 3 0 A N D 1 6 0 F A N D
P R E S S U R E S U P T O 7 ,026 PSIA. T H E P R E D I C T E D A N D E X P E R I M E N T A L
COMPRESSIBILITY F A C T O R S F O R THESE FIVE M I X T U R E S H A D A N A V E R A G E
ABSOLUTE D E V I A T I O N OF 0.55 P E R C E N T .
- P E R T I N E N T FIGURES-
TAB. 1 PSEUDOCRITICAL C O N S T A N T S - B I N A R Y M I X T U R E S , P A G E 82//TAB.2
COMPOSITION OF E X P E R I M E N T A L M I X T U R E S IN THIS STUDY (EXPRESSED AS
MOLE F R A C T I O N ) , P A G E 8U/ /TAB.3 E X P E R I M E N T A L COMPRESSIBILITY
FACTORS, P A G E 8U// TAB.4 C O M P A R I S O N OF DEVIATIONS OF PREDICTED
COMPRESSIBILITY FACTORS FROM E X P E R I M E N T A L VALUES, PAGE 85//FIG.1
SBV T(PC) MINOS THE G R A P H I C A L L Y D E T E R M I N E D T (PC) VS PERCENT CARBON
DIOXIDE, PAGE 83
-BIBLIOGHAPHY-
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B U P K H A R D T , S . F . AND V O O , D . , PREDICTION OF PSEUDOCRITICAL
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P A R A M E T E R S FOR MIXTURES, P A P E R PRESENTED AT THE AICHE MEETING,
K A N S A S CITY, MO. (1959)
-SOURCE INFORMATION-
CORPORATE SOURCE -
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N O R M A N
J O U R N A L PROCEEDINGS -
SOC. PETROL. E H G R . J. VOL 7, NO. 1, 80-6 ( M A R 1967) (PRES. AT
SOCIETY OF P E T R O L E U M ENGINEERS A N N U A L FALL M E E T I N G , 41ST,
DALLAS, TEX. , OCT 2-5, 1966. PAPER SPE 1590)
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TBE VISCOSITY OF N A T U R A L GASES
by
S A K I N , B. E.
G O N Z A L E Z , M . H .
L E E , A. L.
08/00/66
SECURITY CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
U/Unrestricted Unlimited S u m m a r y Good/Excel.
- A B S T R A C T -
E X P E R I M E N T A L VISCOSITY A N D D E N S I T Y DATA O F FOUB N A T U R A L G A S E S A R E
P R E S E N T E D FOR T E M P E R A T U R E S F R O M 100 TO 340 F AND P R E S S U R E S F R O H
100 TO 8,000 PSIA. A C O R R E L A T I O N IS ALSO DISCUSSED AND R E S U L T S
REPORTED. THE VISCOSITY C O R R E L A T I O N P R E V I O U S L Y R E P O R T E D BY THE
INSTITUTE OF GAS T E C H N O L O G Y IS F O U N D TO PREDICT VISCOSITY V A L U E S
WITH A S T A N D A R D D E V I A T I O N OF 2.7 PBSCENT EVEN W H E N THE E Q U A T I O N IS
E X T E N D E D BY O B T A I N I N G COEFFICIENTS USING PREDICTED DENSITIES.
- P E R T I N E N T FIGURES-
TAB. 1 A N A L Y S I S OF N A T U R A L GAS SAMPLES, P A G E 997//TAB.2 VISCOSITY
AND DENSITY V A L U E S FOR N A T U R A L GAS NO. 1, PAGE 998//TAB.3
VISCOSITY AND D E N S I T Y V A L U E S FOR N A T U R A L GAS NO. 2, PAGE
998//TAB.4 VISCOSITY AND D E N S I T Y V A L U E S FOR N A T U R A L GAS NO. 3 ,
P A G E 999//TAB.5 VISCOSITY A N D D E N S I T Y V A L U E S F O R N A T U R A L G A S N O .
4 , P A G E 999//FIG.2 C O M P A R I S O N OF VISCOSITY V A L U E S OF N A T U R A L GAS
S A M P L E 4, P A G E 999
- B I B L I O G R A P H Y -
BORN,?! . AND G R E E N , H . S . , A G E N E R A L K I N E T I C THEORY OF LIQUIDS, III.
D Y N A M I C A L PROPERTIES, PROC. R O Y A L SOCIETY, L O N D O N , E N G L A N D VOL
A190, 455-474 (1 947)// LEE, A .L. , STARLI N G , K . E. , DOLAND,J .P . AND
ELLIHGTON,R.T. , VISCOSITY CORRELATION FOR LIGHT H Y D E O C A R B O N
SYSTEMS, AICHE J O U R . , 69U-697 (SEP 1964) //LEE,A.L. , VISCOSITY OF
LIGHT HYDROCARBONS, API, NEW Y O R K , N . Y . ( 1950)// STARLING ,K.E. AHD
ELLINGTON,E.T. , VISCOSITY C O R R E L A T I O N S FOR NOMPOLAR D E N S E FLUIDS,
AICHE JOUH. , 11-15 ( JAN 1964)
-SOURCE INFORMATION-
COHPOBATZ SODRCE -
INSTITUTE OF GAS TECHNOLOGY, CHICAGO, ILL.
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JODLE-THOMSON EFFECTS IN GAS MIXTURES. THE
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-ABSTRACT-
P R E S S U R S - T E M P E R A T U R E C A T A H E R E O B T A I N E D A L O N G I S E N T H A L P S F O R
N I T R O G E N , M E T H A N E , A N D T H R E E T E R N A R Y N I T R O G E N - M E T H A N E - S T H A N E
M I X T U R E S . THESE D A T A HERE D I F F E R E N T I A T E D TO O B T A I N J O U L E - T H O M S O N
COEFFICIENTS OVER THE T E M P E R A T U R E R A N G E FROM A M B I E N T TO 200 K AND
AT P R E S S U R E S FROM 165 ATM TO A B O U T 5 A T H . DATA FOR N I T R O G E N WAS
O B T A I N E D DOHN TO 140 K. THE R E S U L T I N G J O U L E - T H O M S O N - C O E F F I C I E N T S
H E R E COMPARED WITH PREDICTIONS BASED ON THE B E A T T I E - B R I D G E M A N AND
B E N E D I C T - W E B B - R U B I N EQUATIONS OF STATE AND ON THE V I R I A L E Q U A T I O N
OF STATE TRUNCATED " A F T E R '" THE " THIRD "VI R I A L COEFFICIENT. T.HESE
C O M P A R I S O N S SHOW T H A T THE BENEDICT-WEBB-RO'BIN E Q U A T I O N COULD
PREDICT THE DATA WITH A D E V I A T I O N A V E R A G I N G 1.7 PERCENT. IN ALL OF
THESE COMPARISONS, THE VIRIAL COEFFICIENTS OF E T H A N E A P P E A R TO BE
IN GREATEST U N C E R T A I N T Y , AND THE PREDICTIONS OF M I X T U R E DATA HIGH
IN E T H A N E WERE LEAST SATISFACTORY. THUS IS A P P E A R S T H A T I M P R O V E D
DATA ON THE P U R E C O M P O N E N T S , P A R T I C U L A R L Y E T H A N E , ARE V I T A L TO ANY
SATISFACTORY E V A L U A T I O N OF M I X T U R E PROPERTIES.
- P E R T I N E N T FIGURES-
FIG. 2 E X P E R I M E N T A L I S E N T H A L P S FOR NITROGEN, PAGE 258//FIG.3
E X P E R I M E N T A L ISENTHALPS FOR M E T H A N E , PAGE 258//FIG.4 E X P E R I M E N T A L
ISENTHALPS FOR M I X T U R E A (33.2 PERCENT C ( 2 ) H ( 6 ) , 32.5 P E R C E N T
C H ( 4 ) , 34.3 P E R C E N T N ( 2 ) ) , P A G E 258//FIG.5 E X P E R I M E N T A L ISENTHALPS
FOR M I X T U R E B (9.6 PERCENT C ( 2 ) H ( 6 ) , 46.0 P E R C E N T CH (4) , 44.4
PERCENT H ( 2 ) ) , PAGE 259//FIG.6 E X P E R I M E N T A L ISEHTHALPS FOR M I X T U R E
C (26.5 PERCENT C ( 2 ) H ( 6 ) , 22 .5 PERCENT C H ( 4 ) , 51.0 P E R C E N T N ( 2 ) ) ,
PAGE 259//TAB.7 COMPARISON OF PREDICTED JOULE-THOMSOH COEFFICIENTS
USING THE VIBIAL EQUATION, P A G E 262
-BIBLIOGRAPHY-
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-ABSTRACT-
THIS GIVES E Q U A T I O N S TO C A L C U L A T E THE COMPRESSIBILITY FACTOR, HEAT
C A P A C I T Y AND CRITICAL PROPERTIES OF N A T U R A L GASES ( IN GAS P H A S E
O N L Y ) BASED ON A MOLE FRACTION A V E R A G E OF THE SPECIFIC G R A V I T Y AND
A BWR E Q U A T I O N OF STATE. A C C U R A C I E S ARE G I V E N AS 2-6 PERCENT FOR
T E M P E R A T U R E S AT 1.1 TIMES CRITICAL TO 2 TIMES CRITICAL. A SAMPLE
C A L C U L A T I O N I S G I V E N A N D C O M P A R E D WITH SOME U N I D E N T I F I E D DATA.
' . - P E R T I N E N T FIGURES- .
FIG.1 COMPARISON B E T W E E N T H E E X P E R I M E N T A L A N D COMPRESSIBILITY
FACTORS FOB N A T U R A L GAS, PAGE 106//TAB.1 COMPARISON OF
PSEUDOCRITICAL PROPERTIES OF N A T U R A L GAS COMPUTED . BY EQUATIONS 3
AND a WITH THOSE PRESENTED BY 10CC TABLES, P A G E 107//TAB.2
COEFFICIENTS FOR EQUATION 6, THE CORRELATION OF LOW PRESSURE
ISOBARIC HEAT CAPACITY FOR N A T U R A L GAS AS FUNCTION OF T E M P E R A T U R E
AND G R A V I T Y , P A G E 107//TAB.3 E X A M P L E OF PROPERTY C A L C U L A T I O N , P A G E
107//TAB.U COEFFICIENTS FOB THE R E D U C E D B E N E D I C T - W E B B - R U B I N
E Q U A T I O N OF STATE FOR N A T U R A L GAS, PAGE 107//TAB. 5 E R R O R PERCENTS
IN C A L C U L A T E D COMPRESSIBILITY FACTORS, P A G E 107.
-BIBLIOGRAPHY-
E N G I N E E R I N G DATA BOOK, N A T U R A L GAS PROCESSORS SUPPLIERS
ASSOCIATION, TULSA, OKLA. (1 966) / /MANUAL OF BACK-PRESSURE TESTING
OF GAS WELLS, INTERSTATE OIL COMPACT COMMISSION, OKLAHOMA CITY
(1966)//SAGE,B.H., THERMODYNAMICS OF MDLTICOHPONENT SYSTEMS,
HEINHOLD PUBLISHING CO., 218 (1965)
-SOURCE INFORMATION-
CORPORATE SOURCE -
PHILLIPS PETROLEUM CO., BARTLESVILLE, OKLA.
J O U R N A L PROCEEDINGS -
H Y D R O C A R B O N PROCESS. VOL U8, NO. U, 106-8 ( A P R 1969)
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USE OF THE BENEDICT-WEBB-BDBIN EQUATION OF STATE IN
THERMODYNAHIC CALCULATIONS FOB THE SHEBELINSK N A T U R A L GAS
(RUSSIAN)
by
BURNYKH, V. S. .
KOVTSEV, A. F.
00/00/67
SECURITY CLASS ACCESS L E V E L REPORT CLASS EHTRY E V A L .
U/Unrestricted Unlimited S u m m a r y Acceptable
-ABSTRACT-
THE A U T H O R S CONCLUDE THAT THE BENEDICT-WEBB-RUBIN EQUATION OF
STATE CAN BE USED TO C A L C U L A T E VARIOUS PVT RELATIONS OF
H U L T I C O M P O N E N T H Y D R O C A R B O N GASEOUS M I X T U R E S . CALCULATIONS OF
COMPRESSIBILITY FACTORS W I T H THE EQUATION AGREE IELL WITH
E X P E R I M E N T A L D A T A ON S H E B E L I N S K N A T U R A L GAS AS GIVEN IN THE
L I T E R A T U R E .
- P E R T I N E N T FIGURES-
TAB. 1 N U M E R I C A L V A L U E S OF COEFFICIENTS OF THE BENEDICT-HEBB-RUBIN
E Q U A T I O N , P A G E 14/ /TAB.2 C O M P O N E N T COMPOSITION OF SHEBELINSK GAS,
P A G E 15//TAB.3 V A L U E S OF COEFFICIENTS OF THE BSR EQUATION FOR
S H E B E L I N S K GAS, P A G E 1 5// TAB.4 V A L U E S OF COEFFICIENTS OF
E Q U A T I O N , P A G E 16//TAB.5 A B S O L U T E AND R E D U C E D P A R A M E T E R S OF
S H E B E L I N S K GAS, P A G E 16
- B I B L I O G f i A P H Y -
B E N E D I C T , N .
 r H E B B , G . AND R U B I N , L . , EMPIRICAL E Q U A T I O N FOR
C A L C U L A T I N G T H E T K E R M O D Y N A M I C P R O P E R T I E S O F LIGHT H Y D R O C A R B O N S A N D
T H E I R M I X T U R E S , IN THE BOOK P H A S E E Q U I L I B R I A OF LIGHT
H Y D R O C A R B O N S , GOSTOPT EKHIZDAI (1958)// K A T Z , D . L . , ET A L . , H A N D B O O K
O N R E C O V E R Y , T R A N S P O R T , A N D T R E A T M E N T O F N A T U R A L GAS, T R A N S L A T E D
F R O M E N G L I S H U N D E R E D . K O R O T A E V , Y U . P . A N D P O N O M A R E V , G . V . , I Z D
H E D B A , 676 (1965)
-SOURCE INFORMATION-
CORPORATE SOURCE -
U K R A I N I A N SCIENTIFIC-RESEARCH INST. FOR GAS
J O U R N A L PROCEEDINGS -
G A 2 . PROM. VOL 12, NO. 7, 14-6 (1967)
OTHER I N F O R M A T I O N -
572
keys 20629 through 20632
CALCULATION OF THE COMPRESSIBILITY FACTOR OF N A T U R A L GASES





S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y E.VAL.
U/Unrestricted Unlimited Summary Acceptable
-ABSTRACT-
THIS PAPER P R E S E N T S A METHOD OF C A L C U L A T I N G THE COMPRESSIBILITY OF
N A T U R A L GAS M I X T U R E S USING A SET OF M I X I N G R U L E S . THE A U T H O R S
PRESENT COMPARISONS WITH M I X T U R E S C O N T A I N I N G C1 T H R U C4 P A R A F F I N S ,
C1 T H R U C5 AND C1 T H R U C10 P A R A F F I N S AS WELL AS SYSTEMS W I T H
N I T R O G E N SYSTEMS W I T H C A R B O N DIOXIDE AND SYSTEMS WITH BOTH.
D E V I A T I O N S V A R Y FROM 2 TO 10 PERCENT.
• . . ... - B I B L I O G R A P H Y - .
M A X W E L L , J . B . , DATA BOOK OH H Y D R O C A R B O N S , D. VAN N O S T H A N D CO., NEW
YORK (1951)//PITZEH,K.S., ET AL. , THE V O L U M E T R I C AND T H E R M O D Y N A M I C
PROPERTIES OF FLUIDS. II . COMPRESSIBILITY FACTOR, V A P O R PRESSURE
AND E N T B O P Y OF V A P O R I Z A T I O N , J. AMER. CHEM. SOC. VOL 77, NO. 13
(1955)/ /SAREM, A . M . , Z-FACTOR EQUATION D E V E L O P E D FOR USE IN DIGITAL
COMPUTERS, OIL GAS. J. , P 18 (SEP 1961)
-SOURCE I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
G A Z O V . PROM. VOL 1U, NO. 2, 7-10 (1969)
OTHER INFORMATION -
0003 PAGES, 0000 FIGURES, 0001 TABLES, 0008 R E F E R E N C E S
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HAT AN ABE, K.
00/00/69
SECURITY CLASS ACCESS L E V E L REPORT CLASS ENTRY E V A L .
U/Unrestricted Unlimited S u m m a r y Good/Excel.
-ABSTRACT-
M E T H A N E , E T H A N E A N D PROPANE, T H E M A I N COMPONENTS O F L N G , H A V E T H E
PROPERTY L I K E IDEAL GAS, BUT THEY DEVIATE FEOH IDEAL SOLUTION IN
M U L T I C O M P O N E N T SYSTEM BY THE EFFECT OF COMPOSITION. T H O U G H IT IS
ESSENTIAL TO H A V E CORRECT EQUILIBRIUM BATIO TO A N A L Y Z E THE
C O N C E N T R A T I O N PROCESS OF L N G , WE C A N N O T FIND ANY A D E Q U A T E
EQUATIONS WHICH E S T I M A T E COH.RECTLY THE VAPOUR-LIQUID E Q U I L I B R I U M
OF THE MULTICOMPONENT SYSTEM. HE H A V E OBTAINED K. VALUES OF THE
T E R N A R Y SYSTEM O F M E T H A N E , E T H A N E A N D P R O P A N E B Y O B S E R V A T I O N , A N D
STUDIED THE CASES W H E N A S M A L L Q U A N T I T Y OF B U T A N E IS MIXED IN THE
SYSTEM. B A S E D ON T H E S E DATA WE A N A L Y Z E D THE C O N C E N T R A T I O N PROCESS
OF LNG BY CALCULATING THE E Q U I L I B R I U M FLASH VAPORIZATION.
- P E R T I N E N T F I G U R E S -
FIG. 2 K V A L U E - T E M P E R A T U R E D I A G R A M FOR M E T H A N E IN B I N A R Y SYSTEM AT
1 A T M . , P A G E 295//FIG.6 K V A L U E - T E M P E R A T U R E D I A G R A M FOR M E T H A N E IN
T E R N A R Y SYSTEM AT 1 A T M . , P A G E 296//TAB.3 E X P E R I M E N T A L EQUILIBRIUM
DATA FOR B I N A R Y SYSTEM OF LIGHT HYDROCARBONS (PRESSURE 1 A T M . ) r
P A G E 297//TAB.4 E X P E R I M E N T A L E Q U I L I B R I U M DATA FOR
M E T H A N E - E T H A N E - P R O P A N E SYSTEM ( P R E S S U R E 1 A T M . ) , P A G E 298//FIG.12
THE C H A N G E OF C O M P O N E N T S IN LIQUID P H A S E FOR
M E T H A N E - E T H A N E - P R O P A N E S Y S T E M , P A G E 300//FIG.13 ISOTHERMAL D I A G R A M
FOR M E T H A N E - E T H A N E - P R O P A N E S Y S T E M AT 1 A T M . , P A G E 300
-BIBLIOGRAPHY-
B E N N E T T , C . O . , ET A L . , A I C H E J. VOL 6, NO. 1, 67
( 1 9 6 0 ) / / B E N E D I C T , M . , ET AL. , C H E M . E N G . PROG. VOL 47, NO. 8, 419
(1951) / /BENEDICT,M. , CHEM. E N G . PROG. VOL 47, NO. 9, 449




TOKYO GAS CO., LTD., J A P A N
J O U R N A L PROCEEDINGS -
CRYOG. ENG. ( T O K Y O ) VOL H, NO. 6, 292-301 (1969)
OTHER I N F O R M A T I O N -
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SECURITY CLASS ACCESS L E V E L REPORT CLASS E N T R Y EVAL.
U/Unrestricted Unlimited Summary Acceptable
-ABSTRACT-
THIS PAPER PRESENTS A S I M P L E M E T H O D W H I C H CAN PREDICT THE T R U E
CRITICAL PROPERTIES FOR A N A T U R A L - G A S M I X T U R E . IT IS BASED OH THE
E Y K M A N M O L E C U L A R R E F R A C T I O N ( E M R ) , A MEASURABLE, TRUE PROPERTY
A V A I L A B L E FROM REFRACTIVE-INDEX M E A S U R E M E N T S . A SIMPLE KAY-TYPE
COMBINATION RULE SUFFICES FOR THE DETERMINATIONS. THE PAPER
I N C L U D E S A STEP-BY-STEP PROCEDURE FOR M A K I N G USE OF THE METHOD TO
C A L C U L A T E THE COMPRESSIBILITY FACTOR FOR MIXTURES.
- P E R T I N E N T FIGURES-
T A B . 1 PHYSICAL CONSTANTS, P A G E 115//TAB.2 EMR D E T E R M I N A T I O N FOR A
N A T U R A L - G A S M I X T U R E , PAGE 115/./FIG.1 C O R R E L A T I O N OF T ( C ) / P ( C ) AND
E M R , P A G E 116//FIG.2 C O R R E L A T I O N OF T (C) / (P (C) ) (0. 5) AND EHR, P A G E
117//FIG.3 E Y K M A N M O L E C U L A R R E F R A C T I O N { E M R ) VS. P ( 2 ) , P A G E
116//FIG.4 G E N E R A L I Z E D C O M P R E S S I B I L I T Y FACTOR Z, P A G E 117
- B I B L I O G R A P H Y -
M C L E O D , W . R . , PHD THESIS, OKL A H O M A U N I V . (1 967 ) / / S T A N D I N G , M. B. AND
K A T Z , D . L . , T R A N S . A I M E VOL 146, 140 (194 1)//PITZER, K . S . , J . AH.
C H E M . SOC. VOL 77, 3427 (1955) / /SATTER,A. AND CAMPBELL,J . M.,
S .P .E.J . , 333 (1963)// S M I T H , C . , PROC. ROY. SOC. (A) VOL 87,
366-71
-SOURCE I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
OIL GAS J. 70L 67, 115-8 (JUL 1969) (PRES. AT NGPA M E E T I N G ,
D A L L A S , TEX. , 1969)
OTHER I N F O R M A T I O N -
0004 PAGES, 0004 FIGURES, 0002 TABLES, 0011 R E F E R E N C E S
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S E C U R I T Y CLASS ACCESS L E V E L REPORT CLASS E N T R Y E V A L .
U/Unrestricted Unlimited S u m m a r y Acceptable
-ABSTRACT-
THE PRESENT P A P E R DESCRIBES AN ATTEMPT AT C A L C U L A T I N G THE
COMPRESSIBILITY OF N A T U R A L GASES D I S T R I B U T E D IN THE ' F E D E R A L
REPUBLIC OF G E R M A N Y . FOR THIS P U R P O S E A S E R I E S OF C O M P A R A B L E
E X P E R I M E N T S W E R E C A R R I E D OUT IN THE P R E S S U R E R A N G E OF 0 TO 70
B A R ( E ) AND IN THE T E M P E R A T U R E R A N G E OF 0 TO 20 D E G R E E S C. THE
GASES TESTED C O M P R I S E D A T Y P I C A L SELECTION OF N A T U R A L G A S E S , THEY
DIFFERED IN THEIR C O N T E N T S OF I N E R T GASES AND OF HIGHER
H Y D R O C A R B O N S . A D E V IATION OF + OR - 0.5 P E R C E N T WAS T O L E R A T E D .
GIVEN THIS T O L E R A N C E , T H E R E HAS GOOD A G R E E M E N T B E T W E E N THE
C A L C U L A T E D A N D T H E E X P E R I M E N T A L L Y D E T E R M I N E D V A L U E S O F I D E A L G A S
L A W DEVIATION FACTORS. S M A L L D E V I A T I O N F R O M THIS A G R E E M E N T
OCCURRED IN EITHER DIRECTION, BUT NEITHER THE DIRECTION NOR THE
M A G N I T U D E OF SUCH D E V I A T I O N S COULD BE A T T R I B U T E D TO C E R T A I N
CHARACTERISTIC COMPONENTS OF A N A T U R A L GAS.
- P E R T I N E N T FIGURES-
TAB. 1 COMPOSITION, C O M B U S T I O N CHARACTERISTICS AND ECONOMIC
S I G N I F I C A N C E OF N A T U R A L GASES IN THE F E D E R A L R E P U B L I C OF G E R M A N Y ,
PAGE 6//FIG.1 R E L A T I V E D E V I A T I O N OF THE IDEAL GAS LAW D E V I A T I O N
FACTOHS OF C H ( U ) / N ( 2 ) , C H ( 4 ) / C O ( 2 ) , CH (4 ) /C (2) H (6) AND C H ( 4 ) / H ( 2 ) S
MIXTURES AS C O M P A R E D W I T H THE IDEAL GAS LAW D E V I A T I O N " FACTORS OF
P U R E M E T H A N E ( M I X T U R E RATIO 80 . 15, T E M P E R A T U R E 20 D E G R E E S C) ,
PAGE 7//TAB.2 COMPOSITION, R E L A T I V E DENSITY AND CALORIFIC V A L U E OF
THE N A T U R A L GASES STUDIED, P A G E 19//TAB.3 E X P E R I M E N T A L L Y
DETERMINED IDEAL GAS LAW D E V I A T I O N FACTORS OF THE N A T U R A L GASES
TESTED, PAGE 21//PIG.U C U M U L A T I V E FREQUENCY OF THE PERCENTAGE
DEVIATION B E T W E E N THE CALCULATED AND THE M E A S U R E D VALUES OBTAINED
BY THE BATELLE COMPARISON METHOD, PAGE 25//FIG.5 CUMULATIVE
FREQUENCY OF THE PERCENTAGE D E V I A T I O N BETWEEN THE CALCULATED AHD
THE M E A S U R E D VALUES BY THE R U S K A SINGLE-CHAMBER METHOD, PAGE 25
-BIBLIOGRAPHY-
BUBNETT,E.S., COMPRESSIBILITY DETERMINATIONS WITHOUT VOLUME
M E A S U R E M E N T , ASME VOL 58 (1936), S. 136-140//HERNING, F. AND
577
WOLOHSKI,E . , KOMPRESSIBILITAETSZAHL UNO REALGASFAKTOR VON
TECHNISCHEN G A S E N , U N T E R S U C H U N G VON FEBNGAS. GHF VOL 105 (1964),
H.3, S. 64-69//EDMISTER,H.C. , VAIROGS,J . AND KLEKERS, A. J. , A
G E N E R A L I Z E D BHH-EQUATION OF STATE, AICHE JOURNAL VOL 14 (1968), S.
479-482//KATZ,D.L. O.A. , HANDBOOK OF NATURAL GAS ENGINEERING,
MCGRAB-HILL BOOK C O M P A N Y , INC., NEW YORK - TORONTO - LONDON
(1959), S. 102//PITZER,K.S., ET AL . , THE VOLUMETRIC AND
T H E R M O D Y N A M I C PROPERTIES OF FLUIDS. PART II, COMPRESSIBILITY
FACTOR, VAPOR PRESSURE AND E N T R O P Y OF VAPORIZATION, JOURNAL OF THE
A M E R I C A N CHEMICAL SOCIETY VOL 77 (1955), S.
3U33-3UUO//EILERTS,C.K. , ET A L . , EFFECT OF ADDED NITROGEN ON
COMPRESSIBILITY OF N A T U R A L GAS, W O R L D OIL 1281 (19U8) , S. 129-1UO
U. S. 14U-160
-SOURCE I N F O R M A T I O N -
J O U R N A L PROCEEDINGS -
I N T E R N A T I O N A L GAS CONF. , 11TH, (PRES. AT) MOSCOW, USSR, JUN
9-13, 1970
OTHER I N F O R M A T I O N -
0032 PAGES, 0005 FIGURES, 0005 TABLES, 0016 R E F E R E N C E S
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S E C U R I T Y CLASS
U/Onrestrieted
ACCESS L E V E L
Unlimited
REPORT CLASS
S u m m a r y
E N T R Y EVAL.
Good/Excel,
-ABSTRACT-
M E A S U R E M E N T S O F T H E I S O T H E R M A L A N D T H E A D I A B A T I C JOULE-THOMSON
COEFFICIENTS W E R E C A R R I E D OUT FOR THREE M E T H A N E - E T H A N E M I X T U R E S
OVER A T E M P E R A T U R E R A N G E FROM -59 DEGREES F TO + 35 DEGREES F AND
A PRESSURE R A N G E FROM 50 PSIA TO 950 PSIA. C O M P A R I S O N S ARE M A D E
B E T W E E N T H E E X P E R I M E N T A L L Y D E T E R M I N E D ISOTHERMAL A N D ISENTHALPIC
EXPANSION DATA AND T H A T PREDICTED BY. A MODIFIED
B'ENEDICT-WEBB-RUBIN ( B W R ) EQUAT-ION OF STATE. A NEW SET OF
COEFFICIENTS FOR THE BHR E Q U A T I O N OF STATE HEBE DEVELOPED FOR
ETHANE. THE A V E R A G E ABSOLUTE DIFFERENCE BETWEEN E X P E R I M E N T A L AND
CALCULATED ISOTHERMAL JOULE-THOMSON COEFFICIENTS FOR 47 POINTS WAS
1.37 PERCENT. THE A V E R A G E ABSOLUTE D I F F E R E N C E B E T W E E N THE
CALCULATED AND THE E X P E R I M E N T A L L Y D E T E R M I N E D T E M P E R A T U R E S FOR 40
S E P A R A T E DATA
D E G R E E S F.
POINTS ON 10 ISENTHALPIC E X P A N S I O N LINES WAS 0.67
- P E R T I N E N T FIGURES-
TAB. 1 MIXTURE COMPOSITIONS FOR DATA OF A L K A S A B (1970), PAGE
238//FIG.1 BWR COEFFICIENT C ( 0 ) VS. TEMPERATURE FOR ETHANE, PAGE
239//FIG.2 E X P E R I M E N T A L A N D C A L C U L A T E D ISOTHERMAL
COEFFICIENT-MIXTURE 1, P A G E 240//FIG.3 E X P E R I M E N T A L AND CALCULATED
ISOTHERMAL COEFFICIENT-MIXTURE 2, PAGE 240// FIG.4 EXPERIMENTAL
AND CALCULATED ISOTHERMAL COEFFICIENT-MIXTURE 3, PAGE 241//FIG.5
EXPERIMENTAL AND CALCULATED ISENTHALPS-MIXTURE 1, PAGE 211
-BIBLIOGRAPHY-
A L K A S A B , K . , THERMOPHYSICAL M E A S U R E M E N T S OF M E T H A N E - E T H A N E MIXTURES
WITH AN ISOTHERMAL-ISENTHALPIC CALORIMETER, PH.D. THESIS, ILLINOIS
INST. OF TECH. (1970) / /BENEDICT,H. , W E B B , G . AND ROBIN,L. , CHEM.
ENG. PROGR. VOL 47, NO. 8 419 (1951)//DIN;F., THERMODYNAHIC
FUNCTIONS OF GASES, VOL 3, 162, BUTTERHORTH, LONDON
(1961)/ /ELLINGTON,R.T. , BLOOM ER,0. T. , E A K I N , B . E . AND GARUI,D.C. ,
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T H E R M O D Y N A M I C AND TRANSPORT PROPERTIES OF GASES, LIQUIDS, AND
SOLIDS, MCGRAW-HILL IMC., N. Y., 102 (1959) / /LAVERMAN,R. AND
SELCUKOGLD,Y. , CRY. ENG. N E H S VOL 6U (AOG 1967)//REAHER, H. ,
OLDS,R. , SAGE,R. AND LACEY,H. , IND. ENG. CHEM. VOL 36, 956 (1944)
-SOURCE INFORMATION-
CORPORATE SOURCE -
CHICAGO BRIDGE" AND IRON CO., PLAINFIELD, ILL.//ILLINOIS INST.
OF TECH., CHICAGO
J O U R N A L PROCEEDINGS -
IND. ENG. C H E M . F U N D A M . VOL 10, NO. 2, 237-44 (HAY 1971)
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T H E R M O D Y N A M I C PROPERTIES O F M E T H A N E - N I T R O G E N M I X T U R E S
by
B L O O M E R , O . T .
E A K I N , B . E.
E L L I N G T O N , R . T .
G A M I , D . C .
00/00/55
SECURITY CLASS ACCESS L E V E L R E P O R T CLASS E N T R Y E V A L .
a/Unrestricted Unlimited S u m m a r y . Good/Excel.
- A 3 S T R A C T -
THE BASIC P U R P O S E OF THE P R E S E N T C O N T I N U I N G S T U D Y OF THE
F U N D A M E N T A L P H Y S I C A L - C H E M I C A L A N D T H E R M O D Y N A S I C PROPERTIES O F
N A T U R A L GAS C O M P O N E N T S IS TO OBTAIN THE D A T A N E C E S S A R Y FOR THE
E N G I N E E R I N G DESIGN OF PLANTS TO S E P A R A T E NITROGEN FROM N A T U R A L GAS
BY L O W - T E M P E R A T U R E FR A C T I G N A T I O N . THE PURPOSE OP THE P R E S E N T W O R K
IS TO CALCULATE THE T H E R H O D Y N A M I C PROPERTIES OF TWO
M E T H A N E - N I T R O G E N M I X T U R E S , C O N T A I N I N G . TO AND 30 PERCENT N I T R O G E N
RESPECTIVELY, IN THE • T E M P E R A T U R E R A N G E -280 TO '+200 D E G R E E S F, AND
PRESSURE R A N G E 10 TO 1500 P S I A , USING THE M O R E RECENT F U N D A M E N T A L
DATA SELECTED IN A CRITICAL R E V I E W OF THE L I T E R A T U R E , AND TO
PRESENT THESE PROPERTIES IN A F O H M C O N V E N I E N T FOF C O M P U T I N G
PBOCESS E N E R G Y R E Q U I R E M E N T S . THE REPORT CONTAINS H-S AND T-S
D I A G R A M S , H-X AND C O M P R E S S I B I L I T Y ' FACTOR CHAfiGS, D A T A FOP
VAPORIZATION EQUILIBRIUM FOR THE TWO M I X T U R E S . IN ADDITION THE
P A P E R PRESENTS TABLES A N D C H A R T S O F H E A T I N G A N D COOLING
R E Q U I R E M E N T S F O R V A R I O U S P L A N T C O N F I G U R A T I O N S A N D P R O P E R T I E S . T H E
REPORT ALSO C O N T A I N S PROPERTIES TABLES A N D E X T E N S I V E C A L C U L A T I O N A L
PROCEDURES.
- P E R T I N E N T FIGURES-
FIG. 3 T E M P E R A T U R E - E N T R O P Y C H A R T FOR 90 PERCENT M E T H A N E - 1 0 P E R C E N T
NITROGEN MIXTURE, PAGE 6//FIG.19 ISOBARIC TEMPERATURE-COMPOSITION
D I A G R A M S , METHANE-NITBOGEN SYSTEM, PAGE 22//TAB.2 OVERALL C O L U M N
HEQUIREMENTS AS A FUNCTION OF C O L U M N FEED CONDITION FOR 200 PSIA
OPERATION, PAGE 23//TAB. 3 COMPRESSOR E N E R G Y AND COOLING HATER
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-ABSTRACT-
E Q U A T I O N S R E P R E S E N T I N G F U G A C I T I E S A N D L I Q U I D - V A P O R DISTRIBUTION
COEFFICIENTS IN MIXTURES OF LIGHT H Y D R O C A R B O N S DEVELOPED IN
PREVIOUS PAPERS OF THIS S E R I E S ARE R E D U C E D TO C H A R T F O R M TO
FACILITATE E N G I N E E R I N G APPLICATION. THIS HAS BEEN M A D E POSSIBLE BY
THE D I S C O V E R Y THAT THE EFFECT OF COMPOSITION ON FUGACITIES AND
DISTRIBUTION COEFFICIENTS C A N B E R E P R E S E N T E D W I T H SUFFICIENT
A C C U R A C Y BY A S INGLE COMPOSITION V A R I A B L E FOR E A C H PHASE, ITS
M O L A L A V E R A G E BOILING POINT. A SET OF 32U C H A R T S HAS BEEN P R E P A R E D
FOR THE 12 H Y D R O C A R B O N S M E T H A N E , E T H Y L E N E , E T H A N E , P R O P Y L E N E ,
PBOPANE, ISOBUTANE, ISOBUTYLENE, N - B U T A N E , I S O P E N T A N E , N - P E N T A N E ,
H - H E X A N E , AMD N - H E P T A N E AT 26 PRESSURES B E T W E E N 14.7 AND 3600
LBS. /SQ.- IN.ABS. THE C H A R T S C O V E R A T E M P E R A T U R E R A N G E F R O M -100
D E G R E E S TO *• UOO DEGREES F AND A R A N G E OF H O L A L A V E R A G E B O I L I N G
POINTS FROM -255 D E G R E E S TO +180 DEGREES F. IN 12 M I X T U R E S OF
LIGHT H Y D R O C A R B O N S THE A V E R A G E D E V I A T I O N OF C H A R T KS FROM THOSE
E V A L U A T E D BY THE F U G A C I T Y E Q U A T I O N S IS O N L Y 3.2 PERCENT. IN 27
SYSTEMS, C O M P R I S I N G MOST OF THE R E P O R T E D E X P E R I M E N T A L STUDIES OF
LIQUID-VAPOR EQUILIBRIA I N L I G H T H Y D R O C A R B O N M I X T U R E S , T H E A V E R A G E
D E V I A T I O N OF OBSERVED KS F R O M THOSE R E A D FROM THE C H A R T S IS 7.1
P E R C E N T .
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PAGE 576//FIG.2 FUGACITY COEFFICIENT OF M E T H A N E IN LIQUID AT 100
DEGREES F, PAGE 576// FIG. 3 ACTIVITY COEFFICIENT OF PROPANE IH GAS
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TO SYSTEMS OF 12 H Y D R O C A R B O N S . EACH OF THE F I N A L C H A R T S REFERS TO
A P A R T I C U L A R C O M P O N E N T AP A P A R T I C U L A R C O N S T A N T P R E S S U R E . AT
PRESSURES UP TO AND I N C L U D I N G 1000 LB./SQ. IN. ABS. CHARTS
REPRESENTING K - V A L U E S H A V E BEEN PREP-ARED. AT. P R E S S U R E S B E T W E E N
1000 AND 3600 L B . / S Q . I N . A B S . , I N C L U S I V E , THE FUGACITY COEFFICIENT
IS THE PROPERTY BEPHESENTED. IN ALL, 324 C H A R T S W E R E P R E P A R E D FOR
THESE 12 H Y D R O C A R B O N S AT 26 PRESSURES B E T W E E N 14.7 AND 3600
LB./SQ.IN.ABS. THE T E M P E R A T U R E R A N G E FROM -100 DEGREES TO +400
DEGREES F AND THE M O L A L A V E R A G E B O I L I N G POINT R A N G E FROM -255
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In 1968, a survey was made on all fires starting in premises
equipped with automatic fire detection systems. All reports were
examined to establish how often a fire occurred and either (1)
there was a complete failure of the automatic system because it
was not in a serviceable condition (Total Failure); (2) there was
a local alarm indication provided by the s'ystem, but a failure in
the brigade connection because the connection was not in a
serviceable condition (Brigade Connection Failure) ; (3) the system
operated, or would have done so if the fire, had not been
discovered a't an early stage by a person. Tn about U60 fires
reported in protected premises, it seemed that the automatic
detection and alarm system installed was "incapable of warning the
public fire department in only about 16 (3. 5 percent) and
(included in the above) incapable of warning anyone at all in only
about eight (1.7 percent). Although the reasons for
unserviceability were varied, it appeared that direct human
failures, particularly failing to take adequate precautions over
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U S E D F O R S M O K E L E V E L M E A S U R E M E N T S CONSIST O F A N OPTICAL
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A N D A N I O N I Z A T I O S DEVICE. R E C O R D I N G R A T E S O F O N E S A M P L E P E R 1 5
SEC. ARE FAST E N O U G H FOR T E M P E R A T U R E RISES OF 30 DEG. C. /MIN. AIR
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ACCIDENTS (MALFUNCTIONS) See also: Explosions, Fires, and Spills
2, 3, 4, 7, 12, 15, 18, 20, 21, 22, 24, 27, 30, 37, 40, 42, 46, 54, 57, 73, 77,
106, 115, 126, 131, 133, 134, 206, 235, 241, 246, 248, 287, 290, 298, 419, 421,
534, 593, 605.
ACCIDENTS-INCIDENTS INVESTIGATIONS
2, 3, 4, 7, 12, 15, 18, 24, 27, 30, 37, 54, 77, 79, 86, 98r 106, 126, 133, 134,
138, 154, 158, 236, 246, 248, 347, 384, 421, 427, 439, 497, 503, 504, 589, 593,
595, 599, 601
AIRCRAFT . .
61, 219, 247, 253, 402, 481, 483
AIRCRAFT FUEL SYSTEMS . . •
93, 357, 359, 361, 362, 363, 364, 365, 366, 367, 369, 370, 371, 373, 375, 377,.
378, 379, 380, 381
ALARM SYSTEMS See also; Aircraft Fuel Systems, Fire Detectors, and
Fire Fighting Systems
11, 17, 23, 33, 63, 106, 132, 135, 149, 150, 168, 431, 607, 608
ALUMINUM
18, 89, 99, 140, 167, 169, 202, 207, 231, 252, 464
ANCHORS (FASTENERS)
141, 163, 193, 195, 220, 229, 252, 396, 426
AUTOMOBILES
46, 64, 98, 123, 129, 223, 255, 330, 387, 419
BALSA
89, 118, 140, 202, 308, 421
611
BARGES
32, 36, 69, 74, 104, 113, 114, 124, 134, 137, 153, 202, 253
BASE-LOAD PLANT
140, 227, 304, 334
BEARINGS See also: Pumps
228, 283, 305, 410
BELLOWS
118, 231, 229
BOILING HEAT TRANSFER 'See also: Heat Transfer, Heat Transfer Effects
32, 101, 212, 261, 277, 294, 324, 474, 477, 479
BOILOFF See also: Rollover, Heat transfer, Vaporization
37, 63, 66, 81, 83, 90, 116, 119, 142, 144, 153, 156, 178, 179, 203, 204, 216,
231, 232, 234, 248, 257, 261, 285, 288, 312, 347, 351, 392, 407, 410, 415, 422
BOOST PUMPS See also Pumps
201, 243, 245
BOWING See also Marine Terminals
152, 181, 202, 231, 315
BRITTLE FRACTURES See also Stresses
195, 439, 503, 504 . . .
BUTANES
319, 335, 441, 491, 556, 573, 583
CALIBRATING
' >





74, 102, 132, 150, 181, 197, 198, 230, 238, 239, 330, 491, 538, 556, 560, 563, 565
CARBON MONOXIDE
102, 385, 441, 491, 495, 563
CARBON STEELS See also: Steels, Materials Selection
124, 169, 199, 202, 231, 240, 243, 464, 469
CARGO TANKS
1, 2, 27, 29,36, 40, 44, 65, 69, 72, 74, 89, 113, 124, 126, 130, 153, 164, 168, 183,
202, 206, 240, 280, 285, 287, 288, 308, 322, 332, 338, 421, 427, 605
CARGO UNLOADING See also: Marine Terminals
( . .
178, 181, 226, 243, 245, 304, 311, 319, 322, 334, 338
CARGO UNLOADING PUMPS See also: Pumps
1, 243, 285, 410
CAVERN STORAGE
192, 221, 252
CENTRIFUGAL PUMPS See also: Pumps
1, 201, 238, 243, 245, 305, 311, 410
CLEANING
200, 323, 339, 463
COMBUSTION See also: Explosions, Flammability Limits, Fires
32, 33, 75, 125, 144, 149, 153, 197, 201, 204, 232, 241, 296, 392, 400, 415, 491,
497, 501, 587, 591, 593, 597, 599, 601, 605
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COMPACTION See also: Storage Tanks
169, 272, 274, 306, 314, 464
COMPRESSIBILITY FACTOR See also: Thermodynamic Properties
V.
538, 563, 565, 572, 573, 576, 577
COMPRESSORS
19, 175, 222, 234, 243, 245; 252, 279, 283, 285, 289, 290, 411
CONCENTRATION EFFECTS See also: Mixing, Liquid-Vapor Equilibrium
18, 22, 30, 51, 83, 119, 131, 156, 141, 142, 144, 170, 207, 232, 257; 259, 263,
294, 299, 324, 407, 428
CONCRETES See also: Storage Tanks
141, 151, 157, 169, 172, 185, 188,' 192, 199, 200, 225, 226, 231, 314, 328, 395,
431, 464, 4 6 5 . . . • '
CONDENSATION
204, 211, 232, 239, 279, 323, 546, 562
CONFINEMENT EFFECTS See also: Dikes
121, 142, 261, 263, 271, 276, 298, 419, 599
CONNECTIONS See also: Pumps Pipings and Fittings
20, 63, 65, 103, 113, 123, 129, 181, 193, 228, 234, 238, 288, 426, 469
CONSTRUCTION (FABRICATION) See also: Design
14, 20, 25, 40, 63, 103, 105, 110, 130, 152, 192, 199, 200, 203, 224, 240, 285, 306,
396, 424
CONTAINMENT See also: Cleaning
20, 24, 79, 102, 123, 129, 200, 203, 234, 238, 239, 248, 281, 323, 339, 385, 495,
538, 546
614
CONTROL SYSTEMS See also; Design; Pumps, Pipings, and Fittings
113, 129, 168, 201, 229, 238, 244, 281, 304, 431
COOLDOWN See also: Standard Operating Procedures
1, 48, 65, 127, 178, 181, 200, 201, 231, 282, 285, 288, 305, 315, 322, 338, 341,
409, 420, 421, 483, 485
COST ANALYSIS
107, 114, 167, 203, 214, 255, 291, 314, 315, 321, 402
CRACK PROPAGATION See also: Stresses; Materials Selection
3, 57, S9: 99, 115, 118, 131, 195, 220, 222, 226, 240, 276, 285, 303, 317, 395, 469
DAMAGE EVALUATION
4: 204, 206, 238, 289, 503, 599
DELUGE SYSTEMS . , • • . . _
17, 95, 97, 151, 420 . ..
DENSITY
204, 415: 444, 511, 556, 5~58, 577
DENSITY EFFECTS See also: Rollover; Spills
6, 22, 29, 39, 51, 81, 83, 116, 119, 131, 133, 136, 146, 153, 154, 156, 170, 179,
207, 230, 232, 252, 280, 299, 423
DESIGN .
1. 14, 18, 19, 20, 44, 103, 113, 114, 118, 123, 126, 127, 141, 152, 163, 177, 181,
192, 193, 194, 199, 200, 202, 203, 206, 214, 222, 229, 240, 248, 284, 285, 288,
306, 310, 394, 396, 413, 418, 421, 426, 463, 467, 470, 605
DETECTORS See also: Fire Detectors; Fire Detectors, Aircraft
1, 79, 126, 132, 148, 150, 151, 181, 190, 208, 250, 281, 285, 421, 427, 435
DETONATION See also: Explosions




DIFFUSION See also; Vapor Clouds; Vaporization
146, 241, 507, 591, 593, 597
DIKES See also: Containment
14, 33, 37, 77, 85, 132, 141, 142, 151, 172, 186, 190, 197, 199, 203, 222, 250,
252, 257, 261, 2.63, 271, 298, 312, 395, 396, 400, 408, 409, 420, 423, 504, 507
DISPOSAL SYSTEMS
22, 56, 179, 183, 211, 248, 280, 351
DISTANCE EFFECTS
22, 29, 31, 39, 57, 115, 119, 121, 131, 133, 134, 142, 144, 163, 167, 214, 245,
259, 261, 263, 265,. 267, 271, 2aO, 296, 303,. 407, 60S
DRAINAGE
238, 312, 396, 408, 420
DRY CHEMICALS See also: Fire Fighting Systems; Aircraft Fuel Fires
121, 132, 144, 148, 149, 150, 151, 181, 206, 222, 252, 257, 269, 345, 408, 415,
420, 435, 507
ELECTRIC EQUIPMENT
169, 200, 223, 239, 243, 245, 253, 323, 431, 433, 464, 472, 513
ELECTRICAL FAILURES
45, 169, 200, 223, 239, 243, 245, 253, 323, 431, 433, 464, 513
EMERGENCY SYSTEMS
11, 14, 23, 132, 141, 178, 181, 185, 229, 236, 250, 311, 331, 334
616
ENVIRONMENTAL CONDITIONS
63, 119, 121, 133, 134, 183, 190, 197, 204, 232, 279, 342, 355, 507
EQUIPMENT DESIGN




98, 129, 183, 281
EXPANSION JOINTS
13, 110, 118, 163, 164, 224, 229, 231, 292, 465
EXPLOSIONS
4, 7, 12, 15, 27, 29, 30, 35, 37, 46, 54, 86, 111, 119, 138, 158, 197, 200, 204, 207,
232, 235, 241, 246, 252, 281, . 28-7, 294, 332, 339, 355, 384, 388, 393, 400, 406, 409,
416, 419, 423, 428, 430, 433, 437, 487, 493, 499, 503, 504, 509, 562, 587, 589, 591,
593, 597, 599, 601, 603, 605
EXPLOSIVE BOILING
35, 39, 68, 153, 252, 277, 279, 324, 428, 430, 587
FACILITIES DESIGN
11, 20, 25, 141, 157, 175, 192, 203, 227, 231, 243, 245, 298, 312, 315, 321, 396,
408, 409, 413, 467, 470, 605
FAILURES (CAUSES AND EFFECTS) See also: Accidents
15, 18, 20, 21, 22, 24, 27, 30, 32, 33, 35, 37, 39, 44, 51, 54, 57, 59, 63, 68, 71,
75, 77, 79, 81, 83, 86, 90, 92, 94, 97, 102, 110, 158, 347, 349, 351, 353, 355, 382,
388, 392, 406, 437, 439, 487, 489, 493, 503, 504, 587, 589, 593, 595, 599
FAILURES (MATERIALS)
115, 126, 131, 141, 152, 163, 169, 178, 192, 194, 195, 202, 204, 206, 207, 220,
221, 222, 231, 240, 246, 247, 285, 287, 303, 305, 308, 314, 315, 317, 319, 321, 400,
404, 409, 421, 427, 433, 439, 464, 465, 469, 487, 493, 503, 504
617
FIBERGLASS
124, 140, 146, 169, 188, 200, 243, 272, 274, 288, 323, 464
FILTRATION
222, 3 2 3 _ _ . . . _ _
FIRE DETECTORS See also: Fire Detectors - Aircraft
17, 33, 132, 151, 181, 236, 250, 334, 607, 608
FIRE DETECTORS - AIRCRAFT
93, 515, 517, 518, 519, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 533,
535, 537
FIRE FIGHTING SYSTEMS See also: Aircraft Fuel Fires; Fire Detectors - Aircraft
11, 17, 23, 33, 56, 74, 85, 94, 95, 124, 132, 135-, 144, 148, 149, 150, 151, 153,
181, 197, .205, 206, 236, .252, 257, . 269
FIRE HAZARDS
18, 30, 33, 153, 209, 246, 248, 382, 384, 393, 400, 437, 439, 487, 493
FIRE RESISTANT MATERIALS
17, 18, 85, 157, 199, 234, 415, 421
FIRES See also; Aircraft Fuel Fires
1, 7, 12, 15, 17, 18, 23, 27, 29, 30, 33, 39, 42, 54, 56, 59, 63, 75, 94, 95, 97, 121,
125, 131, 142, 144, 148, 149, 150, 152, 153, 158, 186, 190, 197, 199, 204, 206, 209,
232, 235, 236, 241, 246, 257, 259, 265, 267, 276, 280, 281, 287, 296, 315, 328, 332,
343, 345, 355, 384, 409, 415, 419, 435, 489, 507, 587, 589, 591, 593, 597, 599, 601,
605
FLAME PROPAGATION
33, 77, 94, 138, 204, 276, 296, 332, 400, 501, 507, 589, 593, 597, 599, 601
FLAMMABILITY LIMITS





238, 393, 410 ^
FLOW VELOCITY (FLOW EFFECTS)
5, 46, 57, 106, 123, 178, 183, 202, 203, 228, 231, 282, 322, 338, 475, 485, 501
FLOWMETERS }
1, 126, 160, 229, 473 ,
FLUID DYNAMICS
115, 119, 146, 219, 282, 323, 347, 349, 410, 467, 475, 489
FOAM See also-.' High Expansion Foams; Aircraft Fuel Fires.
118, 121, 150, 181, 197, 200,. 234, 248, 252, 257, 269, 294, 312, 329, 343, 408
FOG
97, . 197, 204, 423
FRACTURE STRENGTH
24, 65, 79, 118, 181, 192, 202, 206, 220, 303, 317
FREEZING




203, 285, 510, 540
GASKETS







118, 146, 188, 200, 231, 234, 243, 306, 408, 421, 426
HALOGENATED HYDROCARBONS
23, 150, 197, 207, 435, 489, 505
HEAT SHIELDING
169, 188, 200, 243, 252, 274, 314, 319, 395, 420, 464, 481
HEAT TRANSFER • •
1, 9, 31, 59, 66, 121, 141, 144, 152, 153, 192, 194, 199, 207, 209, 212, 216, 230,
232, 252, 294, 304, 314, 324, 326, 347, 349, 392, 404, 407, 415, 416, 422, 423, 425,
428, 430, 431, 433, 467, 474, 477, 507
HEAT TRANSFER EFFECTS
1, 5, 22, 29, 30, 31, 33, 63, 81, 83, 94, 115, 119, 121, 131, 133, 134, 136, 142,
158, 170, 219, 232, 257, 259, 261, 263, 265, 267, 271, 279, 281, 290, 298, 407, 587,
589, 591, 597, 599
HEAT TRANSFER EQUIPMENT
5, 11, 19, 20, 74, 110, 140, 148, 150, 177, 201, 203, 238, 243, 245, 252, 285, 304,
310, 323, 326, 411, 413, 483, 485, 581
HELIUM
337, 385, 403, 474, 485, 510, 540
HIGH EXPANSION FOAMS See also: Foam; Fire Fighting Systems
121, 132, 142, 144, 148, 150, 181, 252, 257, 269, 312, 329, 343, 435
620
HYDROCARBONS
25, 39, 68, 101, 207, 208, 232, 237, 244, 252, 277, 283, 290, 305, 315, 319, 337,
339, 392, 397, 428, 441, 487, 491, 505, 542, 555, 558
HYDROGEN




5, 22, 83, 192, 231, 252, 323, 416, 465
IGNITION See also: Explosions; Fires
12, 21, 27, 29, 30, 33, 37, 150, 158, 190, 197, 204, 206, 207, 235, 236, 238, 248,
276, 280, 281, 384, 493, 507, 589, 593, 597, 599, 601
' - . "
IMMERSION PUMPS ' .
I, 126, 148, 201, 238, 243, 304, 305, 311, 410, 420, 472
IMPACT STRENGTH
118, 141, 167, 169, 225, 284, 399, 409, 464
IMPACT TESTS
26, 28, 65, 388
IMPACT VELOCITY '
287, 433, 469
IMPOUNDING AREAS See also: Dikes
II, 49, 142, 150, 151, 186, 190, . 203, 222, 257, 263, 271, 298, 312, 323, 408, 409,
420, 605
INERT GASES See also: Nitrogen; Helium
144, 202, 474, 540
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INERTING
1, 20, 38, 48, 55, 65, 102, 285, 342, 421
INGROUND STORAGE
I, 105, 192, 252, 323, 411, 405
INSPECTION
II, 26, 28, 79, 89, 106, 126, 130, 137, 150, 153, 193, 200, 240, 284, 290, 306, 409,
421, 504
INSTALLATION SPECIFICATIONS
28, 220, 239, 305, 418
INSTRUMENTS
1, 63, 126, 140, 148, 150, 160, 166, 168, 206, 208, 251, 281, 285, 330, 331, 342,.
396, 409, 418, 427, 431, 473, '510, 511
INSULATION'
6, 8, 18 19, 29, 55, 57, 65, 71, 74, 85, 86, 89, 110, 140, 141, 164, 169, 173, 186,
188, 193, 194, 195, 199, 200, 202, 206, 218, 220, 224, 226, 231, 243, 247, 248, 252,





89, 140, 202, 221, 231
LEAK DETECTORS See also: Detectors
1, 57, 79, 89, 99, 123, 126, 153, 168, 171, 206, 208, 225, 236, 238, 244, 289, 306,
398, 404, 419, 424, 427, 469
LEAKAGE AND SPILLS See also: Safety and Disposal
9, 21, 27, 29, 30, 31, 32, 33, 35, 37, 39, 42, 49, 55, 56, 57, 59, 67, 68, 71, 73, 77,
79, 83, 86, 89, 92, 94, 95, 97, 99, 109, 111, 116, 119, 121, 126, 131, 133, 138, 142,
144, 150, 153, 158, 168, 181, 186, 190, 197, 199, 204, 206, 207, 209, 221, 231, 232,
235, 236, 240, 244, 246, 248, 252, 257, 259, 261, 263, 265, 267, 271, 276, 280, 287,
298, 301, 312, 321, 324, 328, 329, 332, 343, 345, 355, 382, 392, 393, 407, 416, 420,







199, 226, 236, 252, 313
LIQUEFACTION
19, 20, 64, 140, 175, 203, 211, 222, 252, 313, 337, 339, 353, 396, 411, 413, 418,
433, 470, 479, 503, 504, 581
LIQUID HYDROGEN
70, 123, 166, 246, 255, 274, 291, 313, 341, 382,. 885, 392, 394, 400, 402, 439, 443,
463, 474, 481, .483, 487, 491, 493, 495 ' . • '
LIQUID NITROGEN (NITROGEN)
40: 89, 102, 146, 160, 166, 167, 200, 202, 207, 208, 212, 218, 231, 281, 292, 294,
337, 390, 392, 420, 421, 422, 431, 439, 463, 473, 474, 475, 540, 546, 556, 581
LIQUID OXYGEN (OXYGEN)
30, 109, 166, 167, 202, 207, 218, 228, 246, 282, 337, 341, 385, 388, 390, 392, 394,
406, 437, 439, 443, 472, 473, 474, 463, 489, 493, 497, 505
LIQUID-VAPOR EQUILIBRIUM See also-. Thermo dynamic Properties
546, 553, 555, 556, 562, 574, 583, 585
LOADING
1, 26, 39, 51, 89, 129, 131, 141, 153, 154, 157, 168, 169, 181, 188, 194, 200, 206,
229, 230, 240, 244, 274, 285, 288, 306, 319, 349, 464
LONG DISTANCE TRANSFER
57, 115, 118, 140, 195, 202, 214, 220, 229, 331, 467
623
LPG
7, 15, 27, 40, 53, 79, 113, 137, 150, 153, 197, 208, 223, 237, 284, 287, 312, 315,
319, 335, 342, 408
MAINTENANCE PROCEDURES
I, IS, 20, 21, 200, 236, 290
MARINE LOADING-UNLOADING ARMS See also: Loading
163, 228, 231
MARINE TERMINALS
II, 85, 124, 132, 151, 152, 153, 163, 177, 178, 181, 204, 208, 227, 228, 231, 243,
245, 248, 304, 315, 319, 322, 334, 338
MATERIALS SELECTION .
18, 19, 20, 24, 26, 36, 38, 53, 65, 85, 86, 99, 115, 118, 141, 152, 164, 169, 185,
188, 193, 195, 200, 202, 220, 221, 231, 234, 236, 240, 243, 246, 252, 284, 288, 289,
303, 304, 306, 314, 317, 331, 396, 421, 426, 464
MEMBRANE STRUCTURES




146, 169, 173, 231, 243, 288, 304, 421, 464
MIXING See also: Rollover
37, 68, 13L 136, 148, 153, 154, 177, 178, 179, 181, 185, 207, 230, 234, 252, 261,
334, 347, 349, 425
MIXTURES See also: Liquid-Vapor Equilibrium
335, 342, 388, 437, 444, 489, 497, 499, 5.05, 509, 510, 511, 512, 538, 544, 546,
556, 558, 562, 571, 572, 583, 585
624
MOISTURE








20, 30, 33, 38, 59, 75, 87, 106, 115, 138, 140, 146, 150, 171, 195, 204, 207, 220,
223, 234, 235, 238, 281, 290,. 335, 411, 4'15, 419, 423, 427, 470, 491, 499, 505, 509,
510, 540, 542, 546, 548, 5.50, 551, 553, 560, 563, 565, 567, 571, 572, 573, 574, 577,
589, 593 '
NICKEL STEEL NINE PERCENT
89, 118, 140, 141, 151, 169, 185, 193, 200, 202, 207, 231, 240, 243, 314, 411, 413,
464
.NICKEL STEEL THREE AND ONE-HALF PERCENT-
140, 202





1, 20, 25, 74, 110, 141, 146, 220, 239, 251, 289, 290, 353, 385, 410, 424, 427, 495
625
OPERATIONAL SYSTEMS AND SUBSYSTEMS
70, 107, 173, 175, 192, 197, 231, 253, 255, 285, 291, 315, 335, 339, 342, 384,
387, 394, 402, 481
ORGANIC MATERIALS
277, 505, 512, 585
ORIENTATION EFFECTS
90, 113, 124, 178, 469
OVERPRESSURES
30, 59, 72, 79, 90, 169, 177, 178, 193, 201, 207, 230, 232, 234, 235, 274, 276,




124, 228, 243, 252, 283, 420
PEAK-SHAVING PLANT
85, 140, 148, 177, 204, 207, 222, 227, 250, 281, 335, 411, 413
PER LITE INSULATION See also: Insulation
140, 141, 146, 157, 173, 188, 200, 202, 218, 221, 231, 236, 243, 272, 288, 304, 306,




11, 17, 22, 23, 48, 106, 209, 246, 385, 400, 495, 503
PERSONNEL HAZARDS
18, 21, 22, 23, 24, 30, 79, 86, 106, 126, 246, 276, 281, 353, 400, 421, 493, 504
626
PIPELINES
37, 57, 103, 115, 118, 140, 171, 195, 202, 214, 220, 224, 229, 253, 303, 317,
332, 341, 467, 509
PIPES (TUBES)
141, 148, 150, 152, 157, 163, 177, 178, 181, J83, 185, 195, 202, 204, 207, 208,
221, 223: 228, 234, 238, 239, 285, 288, 303, 304, 311, 317, 319, 322, 331, 334,




15, 37/77, 115, 298
PIPING INSULATION




169, 200, 224, 231, 234, 236, 288, 304, 310, 408, 421
POLYVINYL CHLORIDE
89, 140, 202, 226, 308, 421
POOL DISPOSAL SYSTEMS
22, 31, 33, 81, 83, 116, 119, 125, 142, 150, 197, 199, 207, 248, 252, 257, 259,





1, 6, 44, 57, 63, 66, 115, 118, 123, 168, 194, 195, 200, 216, 220, 229, 279, 281,
317, 322, 338, 425, 469, 475, 479, 546
PRESSURE MEASURING INSTRUMENTS
1, 14, 63, 166, 168, 223, 229, 431, 510
PRESSURE REGULATORS
161, 304, 330, 421
PRESSURE RELIEF
21, 24, 39, 90, 135, 136, 141, 148, 153, 154, 181, 185, 230, 276, 304, 334
PRESSURE RISE
20, 24, 131, 136, 153, 154, 156, 179, 230, 252, 310, 339, 404, 421
PRESSURE SURGES ' ' '
168, 177, 178, 181, 308, 322, 347, 349, 404
PRESSURIZATION FAILURES
1, 20, 24, 51, 57, 63, 66, 77, 90, 126, 131, 136, 153, 154, 156, 168, 177, 178,
185, 227, 230, 234, 252, 274, 285, 299, 303, 317, 334, 347, 349, 493
PRESTRESSING
36, 103, 141, 148, 151, 199, 226, 328, 395
PROPANE
4, 37, 119, 207, 237, 244, 252, 284, 319, 335, 408, 428, 441, 491, 509, 542, 558
PROTECTIVE BARRIERS
1, 3, 14, 18, 32, 65, 72, 77, 85, 110, 130, 141, 148, 151, 153, 168, 172, 185, 199,
221, 225, 226, 240, 243, 288, 328, 395, 422
PUMPS See also: Immersion Pumps; Pumps, Piping, and Fittings
13, 74, 126, 148, 195, 203, 206, 221, 238, 245, 283, 285, 288, 305, 311, 410, 467,
472, 481
628
PUMPS, PIPING, AND FITTINGS
1, 11, 12, 13, 37, 63, 74, 103, 109, 115, 118, 123, 140, 141, 157, 163, 177, 181,
195, 201, 202, 206, 214, 220, 224, 228, 231, 234, 238, 243, 245, 252, 289, 303,
304, 305, 315, 317, 322, 331, 338, 396, 410, 413, 419, 420, 472
PURGING
14, 20, 21, 38, 48, 89, 135, 146, 173, 200, 211, 228, 239, 282, 420, 439
QUALITY CONTROL
19, 38, 197, 294, 306, 475
QUANTITY MEASURING INSTRUMENTS
I, 14, 126, 206, 251
QUANTITY-DISTANCES
138, 151, 152, 157, 186, 197, 208, 246, 252, 312, 396, 408, 409, 413, 415, 420,
435, 467, 504, 562, 581, 591, 595, 597, 599
RADIATIVE HEAT TRANSFER See also: Heat Transfer
125, 141, 144, 149, 152, 153, 186, 197, 204, 207, 209, 216, 232, 257, .259, 261,
265; 267, 296, 301, 343, 395, 422, 507, 605
REFRIGERATORS
175, 195, 252, 463, 467, 581
REGULATIONS (PROCEDURES)
15, 17, 25; 32, 39, 85, 104, 106, 135, 137, 151, 152, 153, 171, 186, 197, 223,
285, 290, 332, 353: 393, 397, 424, 431, 595, 605
RELIEF VALVES See also; Valves
201, 223, 230, 234, 238, 246, 276, 285, 310, 311, 330, 334, 351, 394, 396, 408,
431, 469, 504
REPORTING PROCEDURES
II, 24, 171, 284
629
ROLLOVER
1, 51, 77, 79, 90, 131, 136, 141, 148, 153, 154, 177, 178, 179, 181, 185, 227,
230, 234, 235, 248, 252, 299, 334, 347, 349, 351
ROOFS See also: Storage Tanks
6, 14, 105, 110, 169, 173, 193, 199, 200, 252, 306, 314, 464
SAFETY AND DISPOSAL See also: Accidents; Dry Chemicals; Fires
1, 11, 14, 18, 21, 22, 23, 24, 32, 38, 48, 55, 63, 64, 67, 73,. 85, 95, 98, 106,
141, 172, 183, 206, 244, 248, 252, 276, 290, 311, 313, 315, 332, 343, 345, 353,
395, 408, 416, 419, 420, 443, 493, 534, 587, 589, 591, 593, 595, 597, 599, 601,
605
SAFETY MANUALS
1, 17, 106, 313, 353, 355, 382
SAFETY REGULATIONS
48, 106, 248, 324, 353; 387, 397, 443, 504
SAMPLING
65, 87, 168, 239, 285 , "
SELF-SUPPORTING TANKS See also: Cargo Tanks
1, 8, 29, 65, 72, 89, 99, 105, 110, 164, 168, 202, 285, 288, 421
SENSOR LOCATION
132, 181, 229
SETTLING See also: Storage Tanks
79, 169, 200, 218, 272, 274, 306, 315, 319, 409, 464
SHELLS (STRUCTURAL FORMS)
127, 169, 193, 200, 252, 284, 292, 306, 314, 464
SHIPPING REGULATIONS
32, 39, 285, 393, 595
630
SHIPS
73, 124, 126, 137, 153, 164, 178, 183, 202, 206, 221, 226, 240, 248, 252, 280,
287, 288, 308, 319, 332, 342, 393, 421, 423, 424, 595
SHUTOFF VALVES See also: Valves
13, 63, 79, 178, 223, 281, 311, 330, 334, 396, 420
SITE SELECTION
6, 20, 185, 186, 200, 203, 231, 248, 393
SLOSHING
72, 89, 126, 288, 421, 427
SOILS See also: Storage Tanks
118, 141, .181, 190, 192, 194, 197, 199, 200, 204, 261, 314, 315, 396; 415, 420,





SPECIFIC HEAT See also: Thermo dynamic Properties
261, 390, 507, 544, 560, 571
SPECIFICATIONS See also: Regulations
11, 16, 26, 28, 85, 152; 171, 200, 240, 284, 394, 396, 413, 420, 424, 431, 463
SPILLS See also: Safety and Disposal
SPRINKLER See also: Fire Fighting Systems
17, 221, 250, 408, 499
631
STAINLESS STEEL
118, 140, 157, 167, 185, 193, 200, 202, 224, 225, 226, 231, 238, 252, 283, 308,
323, 399, 413, 469
STANDARD OPERATING PROCEDURES (RECOMMENDED PRACTICES)
1, 11, 25, 26, 28, 32, 40, 53, 63, 85, 86, 87, 104, 106, 124, 135, 137, 150, 151,
152, 153, 171, 186, 197, 200, 204, 223, 248, 284, 285, 290, 306, 312, 313, 332,
353, 382, 387, 394, 397, 413, 418, 421, 424, 431, 443, 463, 464, 473, 504
STEELS See also: Stainless Steel
207, 221, 399, 420, 503, 504
STORAGE TANKS See also: Cargo Tanks; Tanks; Rollover
6, 11, 18, 19, 20, 26, 48, 51, 66, 71, 77, 85, 90, 105, 110, 127, 133, 136, 140,
141, 146, 148, 151, 152, 156,. 157, 167, 169, 172, 173, 177, 178, 181,' 185, 188,
190, 193, 194, 199, 200, 203, 207, 208, ' 216, 218, 225, 230, 231, 236, 245, 248,
252, 272,:282, 284, 292, 299, 304, 306, 312, 314, 315, 322, 330, 338, '384,- 395-,
396/408, 409, 430, 431, 463, 464, 503, 504
STRATIFICATION See also; Rollover
1, 51, 77, 90, 131, 136, 153, 154, 177, 178, 179, 181, 207, 227, 230, 231, 235,
248, 252, 282, 299, 304, 310, 334, 341, 347, 400, 425, 501, 587
STRESSES
26, 48, 53, 89, 127, 152, 163, 178, 192, 193, 199, 200, 204, 206, 220, 231, 240,
284, 317, 319, 413, 426, 465
STRUCTURAL DAMAGES
30, 40, 192, 204, 206, 222, 272, 420
SUBCOOLED FLUIDS
219, 220, 243, 303, 479, 504
SUBMERGED ELECTRIC MOTORS
55, 201, 243, 285, 304, 410, 420
632
SULFUR COMPOUNDS
20, 102, 237, 244
SUPERHEATED FLUIDS
232, 294, 428, 581
SUPPORTS See also: Cargo Tanks; Storage Tanks
13, 28, 163, 223, 240, 243, 319, 331, 469
SURFACE EFFECTS
3, 9, 31, 49, 66, 77, 116, 131, 142, 170, 307, 232, 257, 259, 261, 263, 271, 279,
283, 294, 351, 392, 425, 513
TANK CARS
114, 202, 332, 605 , . ' . •
.TANK FAILURES See also: .Accidents
3, 18, 89, 90, 131, 133, 183, 204, 234, 236, 246, 274, 276, 287, 298, 384, 400,
404, 421, 427, 433, 503, 504, 605
TANK FOUNDATIONS
141, 269, 281, 194, 200, 306, 314, 315, 319, 464
TANK SUPPORTS
1, 8, 89, 123, 285, 396, 504
TANKER SHIPS . See also: Cargo Tanks
1, 2, 3, 73, 104, 130, 131, 132, 133, 135, 140, 164, 168: 251, 253, 285, 321,
341, 393, 595
TANKS (CONTAINERS)





TEMPERATURE EFFECTS See also: Heat Transfer; Boil OFF
5, 9, 22, 29, 30, 39, 51, 63, 66, 77, 94, 110, 115, 127, 133, 134, 146, 167, 168,
194, 214, 220, 252, 265, 267, 279, 282, 296, 299, 423, 425, 428, .431, 444, 469, 605
TEMPERATURE MEASURING INSTRUMENTS
14, 55, 63, 148, 168, 229, 285, 431
TEMPERATURE PROFILES
118, 156, 326, 415, 425
TENSILE STRENGTH
118, 167, 169, 200, 284, 399, 426, 464
THERMAL BLANKETS ' '
146, 218, 272 " '
THERMAL CONDUCTIVITY
169, 192, 231, 247, 261, 304, 306, 426, 464, 507, 544
THERMAL CONTRACTIONS
20, 74, 109, 118, 152, 163, 169, 181, 200, 202, 220, 221, 229, 231, 247, 274, 292,
314, 420, 464, 465
THERMAL CYCLING
20, 152, 169, 188, 200, 247, 272, 274, 306, 314, 464, 465
THERMAL SHOCK
3, 152, 199, 282, 404
THERMAL STRESSES
3, 20, 79, 89, 141, 192, 202, 240, 282
THERMODYNAMIC CYCLES
19, 203, 411, 470
634
THERMODYNAMIC PROPERTIES
219, 351, 390, 444, 534, 540, 553, 555, 560, 563, 569, 572, 573, 579, 581, 583, 585
THICKNESS EFFECTS
5, 9, 53, 81, 115, 116, 119, 142, 167, 299, 469
TIME EFFECTS See also: Boil Off; Rollover; Safety and Disposal
5, 9, 22, 23, 29, 30, 31, 49, 51, 57, 77, 81, 83, 94, 95, 116, 119, 131, 133, 136,
142; 177, 178, 194, 229, 252, 257, 265, 267, 269, 271, 279, 294, 299, 310, 407,
:469, 507 . . ,
TRAFFIC .
137, 157, 177, 178, 231, 234, 315, 319, 331, 341, 393, 534
TRANSFER LINES See also; Pumps, .Piping, and Fittings
79, 126, 157, 177, 178, 222, 231, 315,' 319, 331, 341 • .
TRANSFER OPERATIONS '
55.. 63, 74, 90, 124, 131, 135, 136, 178, 181, 185, 227, 304, 334, 396, 418, 495
TRANSMISSION LINES
245; 303, 317
TRANSPORTATION CODES See also: Regulations
397, 605
TRUCK TRANSPORT











57, 118, 200, 202, 243, 276, 304, 341
VACUUM RELIEF VALVES
13, 63, 396, 408
VALVE CLOSURES
79, 206, 221, 421
VALVE FAILURES
79, 206, 221, 504
VALVES
1, 6, 13, 55, 63, 85, 106, 109, 123, 129, 141, 148, 168, 177, 178, 181, 201, 202,
206, 223, 230, 234, 235, 238, 239, 245, 246, 276, 282, 285, 310, 311, 319, 322, 330,
334, 338, 351, 394, 396, 398, 408, 409, 419, 420, 431, 469, 504
VAPOR BARRIERS
31, 71, 202, 224, 229, 231, 243, 298, 42l'
VAPOR CLOUDS See also: Safety and Disposal
4, 22, 27, 29, 30, 32, 33, 42, 55, 81, 131, 133, 153, 158, 183, 190, 207, 241, 248,
257, 259, 261, 263, 271, 280, 287, 312, 332, 355, 392, 407, 415, 423, 433, 435,
503, 587, 589, 591, 593, 595, 597, 601, 603
VAPOR DISPERSION See also; Safety and Disposal; Vapor Clouds
22, 23, 27, 31, 42, 55, 77, 83, 86, 92, 111, 119, 121, 133, 142, 144, 158, 183, 186,
188, 190, 197, 199, 204, 207, 232, 235, 241, 248, 250, 257, 259, 261, 263, 271,
280, 287, 298, 328, 329, 332, .395, 400, 407, 415, 416, 507, 587, 589, 591, 593,
601, 605
636
VAPOR HANDLING SYSTEMS .
177, 178, 227, 231, 243, 245, 319, 322, 334, 338
VAPORIZERS
5, 13, 19, 79, 110, 148, 178, 201, 222, 231, 238, 243, 245, 252, 290, 304, 310,
335, 411
VAPORIZING (VAPORIZATION) See also: Boil Off
9, 22, 49, 54, 63, 67, 154, 158, 170, 177, 178, 183, 204, 207, 227, 230, 232,
235, 239, 241, 252, 294, 396, 404, 407, 409, 413, 415, 422, 428, 433, 507, 587,
589, 591, 593, 595, 597, 601, 605
VELOCITY EFFECTS
5, 57, .115, 146, 154, 177, 178, 220, 279, 322, 338
VEN-T STACK-HAZARDS • S.ee also; Accidents '
206 •
VENT VALVES See also: Valves
13, 63; 177, 179, 181, 230, 232, 234, 235, 276, 330, 347
VENTING SYSTEMS
21, 39, 46, 64, 65, 66, 90, 129, 135, 136, 206, 207, 223, 276, 281, 285, 311, 330,
347, 351, 408, 409, 426, 495
VESSELS See also: Storage Tanks; Cargo Vessels
I, 3, 6, 8, 19, 26, 29, 32, 36, 44, 48, 53, 55, 65, 71, 72, 74, 85, 86, 89, 113,
114, 123, 124, 126, 129, 148, 151, 153, 154, 161, 168, 169, 173, 179, 185, 186,
188, 192, 193, 195, 200, 202, 218, 219, 225, 226, 230, 231, 243, 272, 274, 276,
284, 285, 304, 306, 308, 310, 314, 319, 328, 331, 341, 395, 396, 415, 419, 420,
421, 424, 426, 427, 431, 464, 465
VIBRATION
123, 232, 252, 289
637
VISCOSITY
542, 544, 548, 551, 567
VOLUME EFFECTS See also; Thermodynamic Effects .
6, 29, 131, 133, 134, 146, 216, 252, 282, 416
WARMUP See also: Boil Off
1, 127, 152, 285, 420
WATER See also: Fire Fighting Systems; Safety and Disposal
5, 9, 20, 23, 33, 35, 39, 55, 67, 68, 74, 86,'101, 110, 116, 119, 131, 132, 133,
134, 148, 150, 151, 153, 158, 183, 190, 192, 194, 197, 199, 200, 201, 204, 206,
207, 208, 222, 226, 228, 229, 232, 235, 238, 239, 243, 248, 250, 252, 269, 279,
280, 287, 294, 299, 312, 314, 324, 330, 332, 343, 416, 423, 428, 430, 433, 435,
465, 591, 593
WATER HAMMER ' . ' . - • '
79, 141, 177, 178, 315, 319, 322, 338
WEATHER EFFECTS
3, 5, 21, 22, 31, 39, 44, 66, 77, 121, 131, 134, 142, 232, 248, 257, 259, 261, 263,
271, 298, 407
WELD FAILURES See also: Accidents
77, 79, 126, 141, 285, 305
WELDING
13, 21, 26, 28, 105, 126, 130, 167, 193, 223, 240, 284, 306, 464
WIND EFFECTS See also: Vapor Dispersion
119, 121, 131, 133, 134, 149, 183, 204, 207, 252, 257, 259, 261, 263, 267, 271,
296, 407, 416
WOOD
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